'1) 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 369 248 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lntCI7: B41J 2/21, B41J 2/205. 




10.12.2003 Bulletin 2003/50 




B41J2/14 


(21) 


Application number: 03012555.3 






(22) 


Date of filing: 02.06.2003 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• 


Eguchi, Takeo, Sony Corporation 




HU IE IT LI LU MC NL PT RO SE SI SK TR 




Tokyo (JP) 




Designated Extension States: 


• 


Ushinohama, Iwao, Sony Corporation 




AL LT LV MK 




Tokyo (JP) 


(30) 


Priority: 03.06.2002 JP 2002161928 


(74) 


Representative: IMiiiier - Hoffmann & Partner 


14.02.2003 JP 2003037343 




Patentanwalte, 








Innere Wiener Strasse 17 


(71) 


Applicant: SONY CORPORATION 




81667 IMunchen (DE) 




Toicyo (JP) 







(54) Liquid ejecting device and liquid ejecting method 



(57) A liquid ejecting device can print a high quality 
innage having an increased number of gradations with- 
out having a connplex head structure, and is suitable for 
use In a line head. The liquid ejecting device includes a 
head In which liquid ejecting portions Including nozzles 



are arranged In parallel. A droplet can be deflected at 
the moment of ejection from the nozzle of each of liquid 
ejecting portion. By controlling at least two different liq- 
uid ejecting portions in adjacent positions to eject drop- 
lets, a pixel column or a pixel Is formed. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a liquid eject- 
ing device including a head in which a plurality of liquid 
ejecting portions each having nozzles are arranged in 
parallel, and a liquid ejecting method using a head in 
which a plurality of liquid ejecting portions having noz- 
zles are arranged in parallel. The present invention also 
relates to a technology that forms a pixel column or a 
pixel by deflecting droplets ejected from the nozzle of 
each liquid ejecting portion, and using a plurality of dif- 
ferent liquid ejecting portions in adjacent positions. 

2. Description of the Related Art 

[0002] A method that uses an area ratio gray-scale 
method to represent an image has been known as a typ- 
ical half-toning method in printing technology. In the ar- 
ea ratio gray-scale method, an image is decomposed 
into pixels of the minimized size and is represented by 
points of colors. A halftone gradation method and a dith- 
ering pattern gradation method are known as types of 
the area ratio gray-scale method. In the fomner, the di- 
ameters of dots having constant thickness are changed, 
while in the latter, dot density in a unit area is changed, 
with the dot diameter maintained to be constant. 
[0003] Inkjet printers also use a method similar to the 
above area ratio gray-scale method. The method is di- 
vided into the following three types depending on the 
head stmcture of each inkjet printer 
[0004] Fig. 1 8 illustrates a method by superimposi- 
tion, which is a first example of the related art. In Fig. 
18, a head forms dots onto printing paper by ejecting 
droplets while moving in the arrow direction (the direc- 
tion from left to right). At first, in the first movement (in- 
dicated by the dotted line in Fig. 18) of the head, the 
head fonns dots a1 and a2 by ejecting droplets so that 
regions in which the dots a1 and s2 are formed can over- 
lap with each other. In the second movement (indicated 
by the solid line in Fig. 1 8) of the head, the head forms 
dots a3 and a4 by ejecting droplets so that the dots a3 
and a4 can respectively overlap with the dots a1 and a2 
formed in the first movement and so that the dots a3 and 
a4, which are adjacent in the head moving direction, can 
overlap with each other. 

[0005] As described above, one pixel composed of 
the four dots a1 , a2, aS, and a4 is formed. This formation 
of one pixel from the four dots a1 to a4 can express five 
gradations, including the case of no dot. Also, by in- 
creasing the precision of the dot-fomned positions in the 
first and second movements, a high quality image can 
be obtained. 

[0006] Fig. 1 9 illustrates a method by droplet amount, 
which is a second example of the related art. In the sec- 



ond example, a head can switch the amount of droplets 
for ejection to three levels. The head forms a pixel by 
using any of a small dot b1 , an intemiediate dot b2. and 
a large dot b3. It is said that this method can increase 
5 printing speed, 

[0007] Fig. 20 illustrates a method by the number of 
dots, which is a third example of the related art. In this 
method, dots c1, c2,..., whose diameters are smaller 
than a dot pitch are consecutively ejected. In addition, 
10 before a first formed dot is absorted by (infiltrates) print- 
ing paper, the next dot is formed so as to, at least, over- 
lap with the first delivered dot. In the example in Fig. 20, 
after the dot c1 is first fomned, dots c2, c3, and c4 are 
sequentially formed before the dot c1 is absoriDed by (in- 
15 filtrates) the printing paper. This fonns a larger dot c5 
(in this case, dot c5 corresponds to one pixel). 
[0008] The above examples of the related art have the 
following problems. 

[0009] In the first example, the dots a1 to a4 must be 
formed in one pixel formation region a plural number of 
times (four times in the first example). Thus, a photo- 
graph or the like which has many gradations requires a 
longer printing time, compared with the case of printing 
a document. Also, although some number of gradations 
can be obtained, there is a limitation in increasing the 
number of gradations. 

[0010] In the second example, it is difficult to accu- 
rately control the quantities of ejeced droplets. This 
causes variations in the quantities of ejected droplets, 
and it is difficult to obtain stable Image quality. Also, in 
orderthat plural types of droplet quantities may be eject- 
ed, the head structure becomes complicated, thus caus- 
ing a high cost. Moreover, if droplet quantity can be 
changed, the number of types is limited to about three. 
[0011] In addition, when the head has an ink ejecting 
portion thaw does not eject droplets, or an ink ejecting 
portion that ejects droplets of insufficient quantities, im- 
age quality deteriorates. Accordingly, printing using su- 
perimposition as in the first example must also be used. 
This causes a problem of a long printing lime, 
[0012] In the third example, after droplets are ejected 
once, a time is required to fill the Ink ejecting portions 
with Ink for the ejected Ink. Thus, a certain amount of 
time is needed until re-ejection of droplets. Specifically, 
for example, a certain amount of time is required from 
ejection of the droplet for fonning the dot c1 to ejection 
of the droplet for forming the dot c2. 
[0013] As a result", during a movement of the head In 
one line in a serial method, in one pixel formation region, 
it is difficult to form the dots c2, c3, and c4 by delivering 
droplets before the formed dot c1 is absorbed by (infil- 
trates) the printing paper. Also, the movement speed of 
the head is very small when the head is moved so that, 
after the ink ejecting portions are filled with ink, in one 
pixel fomriation region, the dots c2, c3, and c4 can be 
formed before the formed dot c1 is absorbed by (infil- 
trates) the printing paper. Accordingly, this case is not 
practical. 
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[0014] As described In the first example and the third 
example, a method that forms one dot a5 so that the 
dots a1 to a4 overlap with one another, and a method 
that fomns one dot c5 so that the dots c1 to c4 overlap 
with one another are characteristic in a serial method in 
which the head ejects ink droplets while moving back 
and forth in a line direction (the direction perpendicular 
to the traveling direction of the printing paper). Accord- 
ingly, in the case of a line head whose head portion can- 
not move in the line direction since nozzles are arranged 
In parallel in a width direction, a method such as the first 
example or the third example cannot substantially be 
employed. This is because, since the line head does not 
move in the line direction, the first and third examples 
cannot cope with a situation in which some nozzles have 
a defect such as no ejection of droplets. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to per- 
form printing of a high definition Image having an in- 
creased number of gradations without complicating a 
head structure and to provide a structure adapted for a 
line head. 

[0016] According to an aspect of the present inven- 
tion, a liquid ejecting device having at least one head 
including a plurality of liquid ejecting portions each hav- 
ing a nozzle is provided. The liquid ejecting device in- 
cludes an ejection deflector for ejecting a droplet with 
deflection from the nozzle of each of the plurality of liquid 
ejecting portions in a plurality of directions, and an ejec- 
tion controller for controlling ejection so that, by ejecting 
droplets in different directions from at least two different 
liquid ejecting portions in adjacent positions among the 
plurality of liquid ejecting portions while using the ejec- 
tion deflector, the droplets are delivered in a single col- 
umn to fomri a pixel column, orthe droplets are delivered 
in a single pixel region to fomn a pixel. 
[0017] According to the present invention, by ejecting 
droplets in different directions from at least two different 
liquid ejecting portions in adjacent positions, a pixel col- 
umn or a pixel is fomied. For example, by ejecting drop- 
lets from adjacent liquid ejecting portions N and (N+1), 
the droplets can be delivered in a single pixel region or 
a single pixel-region column. 

[0018] Therefore, a pixel or a pixel column can be 
formed by using different liquid ejecting portions. 
[0019] According to another aspect of the present in- 
vention, a liquid ejecting device having at least one head 
including a plurality of liquid ejecting portions each hav- 
ing a nozzle is provided. The liquid ejecting device In- 
cludes an ejection deflector for ejecting a droplet with 
deflection from the nozzle of each of the plurality of liquid 
ejecting portions so that the droplets are delivered to 
positions to which droplets ejected from the nozzle of 
either adjacent liquid ejecting portion are delivered with- 
out being deflected, or the vicinity thereof, and an ejec- 
tion controller In which, when a pixel column or a pixel 



is formed by delivering droplets so that at least two re- 
gions to which the droplets are delivered can overlap 
with each other, by using at least two different liquid 
ejecting portions in adjacent positions among the plural- 

5 ity of liquid ejecting portions and by using the ejection 
deflector to eject droplets with deflection from at least 
one of the two different liquid ejecting portions, the pixel 
column orthe pixel can be fomried. 
[0020] According to the present invention, from the 

10 nozzle of each of liquid ejecting portions, at least one 
droplet can be ejected without being deflected, and the 
droplets can be delivered so that the droplets are deliv- 
ered to positions to which droplets ejected from the noz- 
zle of another adjacent liquid ejecting portion are deliv- 

15 ered without being deflected, orthe vicinity thereof. For 
example, in a case in which droplets are ejected from 
adjacent liquid ejecting portions N and (N+1 ), when po- 
sitions to which droplets ejected from the liquid ejecting 
portions N and (N+1) are delivered without being de- 

20 fleeted are respectively represented by positions N and 
(N+1 ), the liquid ejecting portion N can eject and deliver 
the droplet to the position N without deflecting the drop- 
let, and can eject and deliver the droplet to the position 
(N+1 ) by deflecting the droplet. Similarly, the liquid eject- 

25 ing portion (N+1) can eject and deliver the droplet to the 
position (N+1) without deflecting the droplet, and can 
eject and deliver the droplet to the position N by deflect- 
ing the droplet. 

[0021] When a pixel column is formed by delivering 

30 droplets in column, or a pixel is formed by delivering 
droplets so that at least two regions to which the droplets 
are delivered overlap with each other, ejection is con- 
trolled so that, by using at least two different liquid eject- 
ing portions in adjacent positions and by deflecting drop- 

35 lets ejected from at least one of the liquid ejecting por- 
tions, the pixel column orthe pixel is formed. For exam- 
ple, after a droplet Is ejected and delivered from the liq- 
uid ejecting portion N to the position N without being de- 
flected, a droplet is ejected and delivered from the liquid 

40 ejecting portion (N+1 ) to the position N, with it deflected. 
[0022] Therefore, by using different liquid ejecting 
portions, a pixel column or a pixel can be formed. 
[0023] According to another aspect of the present in- 
vention, a liquid ejecting method using at least one head 

45 including a plurality of liquid ejecting portions each hav- 
ing a nozzle is provided. Droplets are ejected from the 
nozzle of each of the plurality of liquid ejecting portions 
with deflection in a plurality of directions, and by ejecting 
droplets in different directions from at least two different 

50 liquid ejecting portions in adjacent positions among the 
plurality of liquid ejecting portions, the droplets are de- 
livered in a single column to fomn a pixel column, or the 
droplets are delivered in a single pixel region to form a 
pixel. 

55 [0024] According to another aspect of the present in- 
vention, a liquid ejecting method using at least one head 
including a plurality of liquid ejecting portions each hav- 
ing a nozzle is provided. At least one droplet is ejected 
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from the nozzle of each of the plurality of liquid ejecting 
portions with deflection so that the droplet Is delivered 
to a position to which a droplet ejected from the nozzle 
of another adjacent liquid ejecting portion without being 
deflected is delivered, or the vicinity thereof, and when s 
a pixel column is formed or when a pixel Is formed by 
delivering droplets so that at least two regions In which 
the droplets are delivered can overlap with each other, 
by using at least two different liquid ejecting portions in 
adjacent positions among the plurality of liquid ejecting io 
portions, and by deflecting droplets ejected from at least 
one of the two different liquid ejecting portions, the pixel 
column or the pixel is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS is 
[0025] 

Fig. 1 is an exploded perspective view showing a 
head of an inkjet printer to which a liquid ejecting 20 
device of the present invention is applied; 
Fig. 2 consists of a detailed plan view and side sec- 
tional view showing the arrangement of heating re- 
sistors; 

Fig. 3 consists of graphs showing the relationship 25 
obtained in the case of each separate heating re- 
sistor 13 as in this embodiment between a differ- 
ence in bubble producing time of Ink and the ejec- 
tion angle of Ink droplets; 

Fig. 4 is a side sectional view showing the relation- 30 
ship between nozzles and printing paper; 
Fig. 5 is a conceptual circuit diagram showing a cir- 
cuit In which the difference in bubble producing time 
of bisected heating resistors can be set; 
Fig. 6 is a table illustrating two methods (Method 1 35 
and Method 2) for an ejection controller in the 
present invention and the related method; 
Fig. 7 is an illustration of the number of times (the 
time required for dot formation in each pixel posi- 
tion) which is required to form dots in pixel positions; 40 
Figs. 8A, 8B, and 80 are illustrations of a "preset 
format" for controlling the ejection selector and a 
"format conforming to the preset format for the ejec- 
tion selector" for controlling the ejection detemniner; 
Fig. 9 is an illustration of the fomriation based on the "^s 
above fomriat of dots on printing paper; 
Fig. 10 is an illustration consisting of plan views 
showing an example of a line head; 
Fig. 1 1 is a circuit diagram showing an ejection con- 
trolling circuit including an ejection deflector in a so 
second embodiment of the present invention; 
Fig. 12 is an illustration of an example In which Ink 
droplets are delivered from ink ejecting portions ad- 
jacent to a pixel; 

Fig. 13 is a front view showing directions in which 55 
ink droplets are delivered from adjacent heads in an 
alternate pattern arrangement; 
Fig. 14 is an illustration of an example of setting an 



odd number of directions for ejection by using de- 
flected ejection of ink droplets in right and left sym- 
metric directions and directly-below ejection of ink 
droplets; 

Fig. 15 is an illustration of a process of forming pix- 
els on printing paper by Ink ejecting portions based 
on ejection-executing signals in the case of two-di- 
rectional ejection (the number of directions for ejec- 
tion is even) ; 

Fig. 1 6 is an illustration of a process of forming pix- 
els on printing paper by ink ejecting portions based 
on ejection-executing signals in the case of three- 
directional ejection (the number of directions for 
ejection is odd); 

Fig. 1 7 is a circuit diagram showing an ejection-con- 
trol circuit in a third embodiment of the present in- 
vention; 

Fig. 18 Is an illustration of a method by superlmpo- 
sition. which is a first example of a related method; 
Fig. 19 is an illustration of a method by droplet 
amount, which is a second example of the related 
method; and 

Fig. 20 is an illustration of a method by the number 
of dots, which is a third example of the related meth- 
od. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0026] A first embodiment of the present invention is 
described below with reference to the accompanying 
drawings. 

[0027] In this Specification, an "ink droplet" is a minute 
quantity (e.g., several picoliters) of ink (liquid) ejected 
from a nozzle 18 (described later). A "dot" is a spot 
formed such that one ink droplet is delivered onto print- 
ing paper or the like. A "pixel" is the smallest unit of an 
image. A "pixel region" is a region in which a dot is 
formed. 

[0028] By delivering a predetermined number of (ze- 
ro, one, or plural) droplets to a pixel region, a pixel (with 
one gradation) having no dot, a pixel (with two grada- 
tions) composed of one dot, or a pixel (with three or more 
gradations) composed of plural dots is formed. In other 
words, one pixel region corresponds to one, or zero or 
plural dots. An image is formed by arranging, on a re- 
cording medium, a great number of pixels as described. 
[0029] Each dot corresponding to a pixel may pro- 
trude from the pixel region without completely falling in 
the pixel region. 

Head Structure 

[0030] Fig. 1 is an exploded perspective view showing 
a head 1 1 of an inkjet printer (hereinafter referred to sim- 
ply as a "printer") to which a liquid ejecting device of the 
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present invention is applied. In Fig. 1 , a nozzle sheet 1 7 
is bonded to a barrier layer 1 6, and the nozzle sheet 1 7 
is shown In an exploded form. 

[0031] In the head 11, a substrate member 14 in- 
cludes a semiconductor substrate 15 composed of sili- 
con or the like, and heating resistors 13 (corresponding 
to energy generating elements or heating elements in 
the present invention) formed on one surface of the 
semiconductor substrate 15. The heating resistors 13 
are electrically connected to an external circuit by a con- 
ductor portion (not shown) formed on the semiconductor 
substrate 15. 

[0032] The barrier layer 1 6 is formed by, for example, 
an exposure-hardening dry film resist, and Is formed by 
stacking the resist on the entirety of the surface of the 
semiconductor substrate 15 on which the heating resis- 
tors 13 are fonmed, and subsequently removing unnec- 
essary portions in a photolithography process. 
[0033] The nozzle sheet 1 7 has a plurality of nozzles 
1 8 therein, and is formed by, for example, electroforming 
technology using nickel. The nozzle sheet 17 is bonded 
onto the barrier layer 1 6 so that the positions of the noz- 
zles 18 can correspond to the positions of the heating 
resistors 1 3, that is , the nozzles 1 8 can oppose the heat- 
ing resistors 13. 

[0034] Ink cells 12 are constituted so as to surround 
the heating resistors 13 by the substrate member 14, 
the barrier layer 1 6, and the nozzle sheet 17. Specifical- 
ly, the substrate member 14 fomns the bottom walls of 
the ink cells 1 2, the barrier layer 1 6 forms the side walls 
of the ink cells 12. and the nozzle sheet 17 fomis the 
top walls of the Ink cells 1 2. In this structure, the ink cells 
12 have aperture regions in the front right of Fig. 1 . The 
aperture regions are connected to ink-flow paths (not 
shown). 

[0035] The above head 11 normally includes the ink 
cells 12 In units of hundreds, and the heating resistors 
13, which are disposed in the ink cells 12. In response 
to a command from the control unit of the printer, each 
heating resistor 13 is uniquely selected, and the ink of 
the ink cell 1 2 corresponding to the heating resistor 13 
can be ejected from the nozzle 18 opposing the ink cell 
12. 

[0036] In other words, the ink cell 12 is filled with ink 
supplied from an ink container (not shown) joined to the 
head 1 1 . By allowing a pulse current to flow through the 
heating resistor 13 in a short time, for example, 1 to 3 
microseconds, the heating resistor 13 is rapidly heated. 
As a result, a gas-phase ink bubble is produced in a por- 
tion in contact with the heating resistor 13, and the ex- 
pansion of the ink bubble dislodges ink of some volume 
(the ink boils). In this manner ink of a volume equal to 
that of the dislodged ink in the portion touching the noz- 
zle 18 is ejected as an ink droplet from the nozzle 18, 
and is delivered onto the printing paper, thus forming a 
dot. 

[0037] In this Specification, a portion constituted by 
one ink cell 12. the heating resistor 13 disposed in the 



ink cell 12, and the nozzle 18 disposed thereon is re- 
- ferred to also as an "Ink ejecting portion (liquid ejecting 
portion)". Specifically, the head 11 has a plurality of ink 
ejecting portions arranged in parallel. 

5 

Ejection Deflector 

-& 

[0038] The head 11 includes an ejection deflector. In 
this embodiment, the ejection deflector deflects an ink 

10 droplet ejected from one nozzle 1 8 so that the ink droplet 
can be delivered to a position to which an ink droplet 
from another adjacent nozzle 1 8 can be delivered with- 
out being deflected, or the vicinity thereof. The head 11 
has the following structure. 

15 [0039] Fig. 2 consists of a detailed plan view and side 
sectional view showing the arrangement of the heating 
resistors 13 In the head 11 . In the plan view in Fig. 2, 
the position of the nozzle 1 8 Is indicated by the chain 
lines. 

20 [0040] As shown in Fig. 2, in the head 11 in this em- 
bodiment, one ink cell 12 includes bisected heating re- 
sistors 13 arranged In parallel. The direction in which 
the heating resistors 13 are arranged is a direction (the 
horizontal direction in Fig. 2) in which the nozzles 1 8 are 

25 arranged. 

[0041] In such a bisected type in which one heating 
resistor 13 has longitudinally bisected portions, each 
separated heating resistor 13 has the same length and 
a half width. Thus, the resistance of the bisected heating 

30 resistors 1 3 is double that of the original heating resistor 
13. By connecting the bisected heating resistors 13 in 
series, the separated heating resistors 13 having the 
double resistances are connected in series, so that the 
total resistance is four times that of the original heating 

35 resistor 13. 

[0042] Here, in order that the ink in the ink cell 12 may 
boil, the heating resistor 1 3 must be heated by supplying 
a certain amount of power to It. This is because energy 
generated at the boil is used to eject the ink. When the 

40 resistance is small, a current to flow must be Increased. 
However, by increasing the resistance of the heating re- 
sistor 13, the ink can be brought to a boil with a small 
current. 

[0043] This can also reduce the size of a transistor or 
45 the like for passing the current, thus achieving a reduc- 
tion in occupied space. By reducing the thickness of the 
heating resistor 13. the resistance can be increased. 
However, when considering material selected for the 
heating resistor 13 and its strength (durability), there is 
so a limitation in reducing the thickness of the heating re- 
sistor 1 3. Accordingly, by separating the heating resistor 
13 without reducing Its thickness, its resistance Is in- 
creased. 

[0044] When one Ink cell 12 Includes the bisected 
55 heating resistors 1 3, if the time (bubble producing time) 
required for each heating resistor 13 to reach a temper- 
ature for boiling the ink is set to be equal, the inks boil 
on two heating resistors 13 and an Ink droplet is ejected 
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In the central axis direction of the nozzle 18. 
[0045] Conversely, when there is a difference be- 
tween the bubble producing times of the bisected heat- 
ing resistors 13, portions of the ink do not boil on the 
bisected heating resistors 13 at the same time. This 5 
shifts the direction of the ink droplet from the central axis 
direction of the nozzle 18, and the ink droplet is ejected 
and deflected. This delivers the ink droplet off a position 
to which the ejected ink droplet can be delivered without 
being deflected. io 
[0046] Figs. 3A and 3B are graphs showing the rela- 
tionship obtained In the case of each separate heating 
resistor 13 in this embodiment between a difference in 
bubble producing time of ink and the ejection angle of 
Ink droplet. The values shown In the graphs are compu- i5 
ter-simulated results. In Fig. 3A, the X-direction (the di- 
rection indicated by vertical axis Ox of the graph) (note 
that the X-dlrectlon does not mean the horizontal axis 
of the graph) Indicates a direction (the direction of the 
heating resistors 13 arranged In parallel) In which the 20 
nozzles 18 are arranged. The Y-dlrection {the direction 
indicatec oy vertical axis Gy of Fig. 3B) (note that the Y- 
dlrection does not mean the vertical axis of the graph) 
indicates a direction perpendicular to the X-direction, 
which Is a direction In which the printing paper is carried. 25 
In both the X-direction and the Y-direction, an angle at 
which no deflection occurs Is represented by zero de- 
grees, and a shift from the zero degrees is indicated. 
[0047] Fig. 3C is a graph showing actually measured 
data. A deflection current (We use a half of a difference 30 
current between the bisected heating resistors 13 in Fig. 
3C) Is Indicated as difference in bubble producing time 
between the bisected heating resistors 13 by the hori- 
zontal axis, and an amount of deflection (actually meas- 
ured when the distance between the nozzle and a posi- 35 
tion to which ink is delivered was set at approximately 
2 mm) in the position to which ink Is delivered Is indteat- 
ed as the angle (X-direction) of . ejection of ink by the 
vertical axis. Fig. 3C also shows a case In which, with 
the main current of the heating resistors 13 set to 80 40 
mA, the deflection current was superimposed on one of 
the heating resistors 1 3 and the Ink was ejected and de- 
flected. 

[0048] When there is a time difference in production 
of bubbles by the heating resistors 13 bisected In the 45 
direction In which nozzles 18 are arranged, the angle of 
ejection of ink Is not perpendicular, and the angle ex of 
ejection of ink in the direction in which the nozzles 18 
are arranged increases In proportion to the difference in 
bubble producing time. so 
[0049] Accordingly, in this embodiment, by using this 
feature, that is, by providing the bisected heating resis- 
tors 13, and supplying different currents to the bisected 
heating resistors 13, a difference is set In bubble pro- 
ducing time of the heating resistors 1 3, whereby the dl- ss 
rection In which ink is ejected is changed. 
[0050] When the resistances of the bisected heating 
resistors 13 are not equal to each other due to, for ex- 



ample, a production error or the like, the heating resis- 
tors 13 have a difference in bubble producing time. 
Thus, the angle of ejection of Ink Is not perpendicular, 
so that the position to which the Ink is delivered is off 
from the correct position. However, by supplying differ- 
ent cun-ents to the heating resistors 13 for controlling 
the bubble producing time of each heating resistor 1 3 to 
be equal, the angle of ejection of ink can be set at per- 
pendicularity. 

[0051] Accordingly, In this embodiment, by using this 
feature an angle at which an ink droplet is ejected can 
be changed by setting the bisected heating resistors 13 
to have a difference in bubble producing time. 
[0052] Next, how much the angle of the ejected Ink 
droplet Is changed is described below with reference to 
Fig. 4. Fig. 4 is a side sectional view showing the rela- 
tionship between the nozzles 18 and printing paper P. 
[0053] In Fig. 4. although the distance H between the 
tips of the nozzles 1 8 and the printing paper P Is approx- 
imately 1 to 2 mm In the case of an ordinary inkjet printer, 
it is here-assumed that H = 2 mm. 
[0054] That the distance H must be maintained to be 
almost constant is because a change in the distance H 
causes a change In the position to which each ink drop- 
let is delivered. In other words, when one nozzle 18 
ejects an ink droplet perpendicularly to the surface of 
the printing paper P, the position to which the Ink droplet 
Is delivered does not change, even if the distance H is 
slightly changed. Conversely, in the case of performing 
deflected ejection of an ink droplet, as described above, 
the position to which the ink droplet is delivered differs 
In accordance with a change in the distance H. 
[0055] When the resolution of the head 11 is set to 
600 DPI, the interval between adjacent nozzles 18 is 

25.40 X 1000 / 600 « 42.3 (p,m) 

[0056] Here, In the present invention, the direction in 
which Ink droplets are ejected from the nozzles 18 is 
changed to 2*^ different directions by using a control sig- 
nal represented by J bits (where J represents a positive 
integer), and the distance between farthest positions of 
two delivered Ink droplets among the 2^ directions is set 
so as to be (2'^ - 1 ) times the interval between two adja- 
cent nozzles 1 8. When ink droplets are ejected from the 
nozzles 1 8, any one direction is selected from the 2^ di- 
rections. 

[00571 For example, when a signal in which J = 2 (bits) 
is used as the control signal, the number of types of the 
control signal is four, that is, (0, 0), (0, 1), (1 , 0), and (1 , 
1). Thus, the direction of an ejected Ink droplet is 2^ = 
4. Also, the distance between two farthest dots when 
deflection occurs is ((2^ - 1) =) 3 times the interval be- 
tween two adjacent nozzles 18. 
[0058] Whenever the control signal changes to (0, 0), 
(0, 1), (1 , 0) , and (1 , 1) , the position of a delivered ink 
droplet can be moved by the interval between adjacent 
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nozzles 18. 

[0059] In the above example, assuming that the triple 
of the interval (42.3 \im) between adjacent nozzles 1 8, 
that Is, 126.9 M.m is the distance between two farthest 
dots when deflection occurs, a maximum deflection an- 
gle 28 (deg) is 

tan2e = 126.9 / 2000 « 0.0635 

Thus, 

26 - 3.6 (deg) 

[0060] Next, the method that deflects the ejected Ink 
droplet Is more specifically described below. 
[0061] Fig. 5 is a schematic circuit diagram showing 
a circuit in which the difference in bubble producing time 
of the bisected heating resistors 13 can be set. In this 
example, by using a control signal in which J = 2 (bits) 
so that the difference in current flowing in resistors Rh- 
A and Rh-Bcan be set to four types, the ejected ink drop- 
let can be set to have four directions for ejection. 
[0062] In Fig. 5, the resistors Rh-A and Rh-B corre- 
spond to the resistances of the bisected heating resis- 
tors 13, respectively, in this embodiment, the resistance 
of the resistor Rh-A is set to be less than that of the re- 
sistor Rh-B. The resistors Rh-A and Rh-B have a junc- 
tion (intennediate point) therebetween from which a de- 
flection current can flow. Three resistors Rd are used to 
deflect an ejected ink droplet. Also, transistors Q1 , Q2, 
and Q3 function as switches for the resistors Rh-A, Rh- 
B, and Rds. 

[0063] The circuit in Fig. 5 includes an input portion C 
for a binary control input signal (whose state is "1" only 
when a current flows). It includes binary-input AND 
gates L1 andL2, and input portions B1 and 82 for binary 
signals ("0" or "1 ") for the AND gates LI and L2. 
[0064] In this case, when the input portion is supplied 
with "1", and both input portions B1 and B2 are supplied 
with "0"s, only the transistor Q1 operates and the tran- 
sistors Q2 and Q3 do not operate (no currents flow in 
the three resistors Rd) . At this time, when current flows 
in the resistors Rh-A and Rh-B, the currents flowing in 
the resistors Rh-A and Rh-B have equal values. Be- 
cause the resistance of the resistor Rh-A is less than 
that of the resistor Rh-B, the heat value of the resistor 
Rh-A is less than that of the resistor Rh-B, In this con- 
dition, the ejected ink droplet is delivered to the most left 
In this embodiment (Fig. 5). In addition, the position to 
which the ejected ink droplet is delivered is set to be a 
position (including its vicinity) to which an ink droplet 
ejected from a nozzle 18 (ink ejecting portion) left from 
a reference position with one nozzle 18 therebetween 
is delivered without being deflected (Fig. 8B). 
[0065] In this case, when the input portion C is sup- 
plied with "1 and the input portions B1 and B2 are sup- 



plied with Inputs "1" and "0", a current flows also in two 
resistors Rd connected in series to the transistor Q3 (no 
current flows in the resistor Rd connected to the transis- 
tor Q2). As a result, a current that flows In the resistor 
5 Rh-B is less than that obtained when the input portions 
B1 and B2 are supplied with "0"s. However, also in this 
case, the resistor Rh-A is set to have a heat value less 
than that of the resistor Rh-B. 

[0066] In this case, the position to which ejected ink 
10 droplets are delivered is set to be a position to which ink 
droplets ejected from the adjacent left nozzle 1 8 are de- 
livered without being deflected. 

[0067] Next, when the input portion C is supplied with 
"1 ", and the input portions B1 and B2 are supplied with 

15 "0" and "1 ", a current flows in the resistor Rd connected 
to the transistor Q2 (no currents flow in the two resistors 
Rd connected in series to the transistor Q3). As a result, 
the value of the current that flows in the resistor Rh-B is 
further less than that obtained when the input portions 

20 B1 and B2 are supplied with "1" and "0". In this case, 
the resistors Rh-A and Rh-B can be set to have identical 
heat values. This ejects the ink droplets without deflec- 
tion. 

[0068] When the input portion C is supplied with "1"' 
25 and both input portions B1 and B2 are supplied with "1 " 
and "0", currents flow in the three transistors Rd con- 
nected to the transistors Q2 and Q3. As a result, the 
value of the current that flows in the resistor Rh-B is fur- 
ther less than that obtained when the input portions B1 
30 and B2 are supplied with "0" and "1 ". In this case, the 
resistor Rh-A is set to have a heat value more than that 
of the resistor Rh-B. 

[0069] In this case, the position to which ejected ink 
droplets are delivered is set to be a position to which ink 
35 droplets ejected from the adjacent right nozzle 1 8 as an 
ink ejecting portion are delivered without being deflect- 
ed. 

[0070] As described above, given the resistances Rh- 
A, Rh-B by heating condition, Rd may be set so that, 

40 whenever the inputs to the input portions B1 and B2 
change to (0, 0), (1 ,0), (0, 1 ), and (1 , 1 ), the position to 
which the ejected ink droplets are delivered can move 
at each interval between the nozzles 18. 
[0071] This can change the position to which the 

45 ejected ink droplet is delivered to four positions, that is. 
In addition to the position to which the Ink droplets eject- 
ed (perpendiculariy to the surface of an object, such as 
printing paper, onto which an ink droplet is delivered) 
from the nozzle 18 without being deflected can be de- 

50 livered, a position (including its vicinity) to which an ink 
droplet ejected from the nozzle 1 8 (ink ejecting portion) 
left from a reference position with one nozzle 1 8 there- 
between is delivered without being deflected, a position 
to which an ink droplet ejected from the adjacent left 

55 nozzle 1 8 can be delivered without being deflected, and 
a position to which an ink droplet ejected from the adja- 
cent right nozzle 18 as an ink ejecting portion can be 
delivered without being deflected (Fig. 8B). In response 
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to the input values to the input portions B1 and B2, the 
ink droplet can be delivered to an arbitrary position 
among the above four positions (Fig-8B). 

Ejection Controller 

[0072] The embodiment described thus far also in- 
cludes an ejection controller. The ejection controller 
controls the fomriatlon of Ink droplets (dots) in such a 
manner that, by using the ejection deflector, when ink 
droplets are delivered in line (almost in the same row) 
to fonri a dot column, or ink droplets are delivered to 
fomri one dot in a fomri in which at least some regions of 
delivered droplets overlap with each other, at least two 
different ink ejecting portions adjacently positioned are 
used and ink droplets ejected from at least one of the 
ink ejecting portions are deflected by the ejection deflec- 
tor to form a pixel column or pixel. 
[0073] Fig. 6 is a table illustrating two methods (Meth- 
od 1 and Method 2) for the ejection controller in the 
present invention and a method of the related method. 
Fig. 6 also shows the case of forming one pixel by ar- 
ranging ink droplets in column so that at least some re- 
gions of delivered droplets overlap with each other. 
[0074] At first. Method 2 is an example in which the 
position to which ink droplets ejected from each ink 
ejecting portion are delivered can be selected from 
among four positions, as described above. In other 
words, by using J = 2 (bits) to control the position to 
which ink droplets are delivered, each ink ejecting por- 
tion can deliver the ink droplets to any one of (2^ =) 4 
positions of delivery. In Methods 1 and 2 in Fig. 6, the 
arrangements of dots are not shown straight. This 
shows that the dots are ejected from a plurality of ink 
ejecting portions. 

[0075] In Fig. 6, pixel numbers in the direction of ink 
ejecting portions (the nozzles 18) are indicated by N, 
(N+1 ), (N+2), and (N+3). Also, ink ejecting portions from 
which ejected ink droplets are delivered to pixel num- 
bers N, (N+1 ), (N+2), and (N+3) without being deflected 
are referred to as N. (N+1) , (N+2), and (N+3), respec- 
tively (Ejecting portions are not indicated in Fig. 6). 
[0076] When the number of gradations is 2, ink drop- 
lets are ejected from the ink ejecting portions N, (N+1 ), 
(N+2) , and (N+3) without being deflected, and are de- 
livered to pixel numbers N, (N+1). (N+2), and (N+3) to 
form dots corresponding to pixels. A case in which no 
ink droplets are ejected corresponds to a case in which 
the number of gradations is 1 . 

[0077] When the numberof gradations is 3, in addition 
to the ink droplets ejected when the number of grada- 
tions is 2, to pixel number N, an ink droplet is ejected 
and delivered from the ink ejecting portion (N-1) which 
is positioned at left of N in Fig. 6 ((N-1 ) is not indicated 
in Fig. 6, Ejecting portion which is positioned at left of 
(N-1) is (N-2) , and so on), with it deflected. To pixel 
number (N+1), an ink droplet is ejected and delivered 
from the ink ejecting portion N. with it deflected. To pixel 



number (N+2), an ink droplet is ejected and delivered 
• from the ink ejecting portion (N+1 ), with it deflected. To 
pixel number (N+3), an ink droplet is ejected and deliv- 
ered from the ink ejecting portion (N+2), with it deflected. 
5 [0078] In otherwords, when the numberof gradations 
is 3, in each pixel, a dot having a diameter larger than 
that obtained when the number of gradations is 2 is 
formed. 

[0079] When the number of gradations is 4, in addition 
10 to the ink droplets when the number of gradations is 3, 
to pixel number N, an ink droplet is ejected from the ink 
ejecting portion (N-2), with it deflected, and is delivered. 
To pixel number (N+1 ), an ink droplet is ejected from the 
ink ejecting portion (N-1), with it deflected, and is deliv- 
15 ered. To pixel number (N+2), an ink droplet is ejected 
from the ink ejecting portion N, with It deflected, and is 
delivered. To pixel number (N+3). an ink droplet is eject- 
ed from the ink ejecting portion (N+1), with It deflected, 
and is delivered. 
20 [0080] In otherwords, when the numberof gradations 
is 4, an area in the pixel region which is occupied by the 
dots is larger than that obtained when the number of gra- 
dations is 3. 

[0081] When the number of gradation is 5, in addition 

25 to the ink droplets delivered when the number of grada- 
tions is 4, ink droplets ejected from the ink ejecting por- 
tion (N-3) are deflected and delivered to pixel number 
N. To pixel number (N+1), ink droplets ejected from the 
ink ejecting portion (N-2) are deflected and delivered. 

30 To pixel number (N+2), ink droplets ejected from the ink 
ejecting portion (N-1) are deflected and delivered. To 
pixel number (N+3). ink droplets ejected from the ink 
ejecting portion N are deflected and delivered. 
[0082] In otherwords, when the numberof gradations 

35 is 5, an area occupied by dots in the pixel region is larger 
than that obtained when the number of gradations is 4. 
[0083] By using the above technique, in any of cases 
in which the numberof gradations is3, 4, and 5, ink drop- 
lets ejected consecutively from a single ink ejecting por- 

^0 tion are prevented from being delivered in the pixel re- 
gion of a single pixel number. Thus, if the quantity of ink 
droplets from any ink ejecting portion is insuffteient, a 
difference in the areas occupied by dots can be reduced. 
[0084] Method 1 shows a 1 -bit example. In other 

45 words, by using J = 1 (bit) to control the position to which 
ink ejecting portions are delivered, each ink ejecting por- 
tion can deliver the ink droplets to {2^ =) 2 positions of 
delivered droplet. In this case, each ink ejecting portion 
can eject ink droplets without deflection, andean deliver 

50 the ink droplets to a position to which an ejected ink 
droplet can be delivered from an adjacent ink ejecting 
portion. In this embodiment, an ink droplet is ejected 
from the ink ejecting portion N without being deflected, 
and can be delivered to a position to which an Ink droplet 

55 is ejected and delivered from the ink ejecting portion 
(N+1) without being deflected. 

[0085] Similarly to the above, pixel numbers in a di- 
rection in which the ink ejecting portions (the nozzles 
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18, Ejecting portions are not indicated in Fig. 6) are ar- 
ranged are indicated by N and N+1 . Also, ink ejecting 
portions that deliver ink droplets to pixel numbers N and 
(N+1) when ejecting the ink droplets without deflection 
are referred to as N and (N+1), respectively. 
[0086] When the number of gradations is 2, ink drop- 
lets are ejected from the ink ejecting portions N and 
(N+1 ) without being deflected, and are delivered to pixel 
numbers N and N+1 to form a pixel (dot) corresponding 
to the gradation number 2. 

[0087] When the number of gradations is 3 in addition 
to the Ink droplets delivered when the number of grada- 
tions is 2, to the pixel number N, ink droplets ejected 
from the Ink ejecting portion (N-1 ) are deflected and is 
delivered. Also, to the pixel number (N+1), ink droplets 
are ejected from the ink ejecting portion N and are de- 
livered. 

[0088] When the number of gradations Is 4 in addition 
to the ink droplets delivered when the number of grada- 
tions is 3, to the pixel number N, ink droplets are ejected 
from the ink ejecting portion N without being deflected, 
and is delivered. To the pixel number (N+1). ink droplets 
are ejected from the ink ejecting portion (N+1) without 
being deflected, and is delivered. 
[0089] Moreover, when the number of gradations is 5 
in addition to the ink droplets delivered when the number 
of . gradations is 4, to the pixel number N, ink droplets 
ejected from the ink ejecting portion (N-1 ) are deflected 
and delivered. To the pixel number (N+1), ink droplets 
ejected from the ink ejecting portion N is deflected and 
is delivered. 

[0090] By using the above technique, for the number 
of gradations required, in the pixel corresponding to one 
pixel number, a dot can be formed such that the same 
ink ejecting portion does not deliver ink droplets consec- 
utively (sequentially two times) . Thus, a change in the 
dot for each ink ejecting portion can be reduced. Also, 
even if the quantity of an ink droplet from any of the ink 
ejecting portions is insufficient, a variation in the areas 
occupied by dots of pixels can be reduced. 
[0091 ] Conversely, in the related art. in any one of pix- 
el numbers N and N+1 , if the number of gradations in- 
creases, ink droplets ejected from the same Ink ejecting 
portion are always delivered (each pixel is formed by 
dots from a single ink ejecting portion). Accordingly, 
when the quantity of an ink droplet from any of the ink 
ejecting portions is insufficient, a change in droplet 
quantity increases whenever the number of gradations 
increases. 

[0092] Next, an image fomning method regarding a 
pixel position in image printing and ink-droplet-ejection 
executing timing is described below. 
[0093] In Fig. 7, the vertical direction represents an 
arbitrary time domain, and the horizontal direction rep- 
resents an arbitrary distance. The arbitrary time domain 
corresponds to timing with which the ejection of ink drop- 
lets in accordance with the number of gradations is ex- 
ecuted, and the arbitrary distance corresponds to a pixel 



position corresponding to the direction of arranged noz- 
zles 1 8. In other words, Fig. 7 shows the number of times 
(i.e.. the time required for dot formation in each pixel) 
an ink droplet is ejected which is required for fonning a 

5 dot in each pixel position. In Fig. 7, lines (which are 
formed during a first (the same) scanning term) in the 
direction of arranged nozzles 18 for the pixels are de- 
fined as pixel lines. Among the pixel lines, an M line and 
an (M+1) line are vertically shown. For each pixel, a 

10 maximum of, for example, P Ink droplets can be ejected. 
Thus, each pixel has Ink- droplet-ejection timing 1 to ink- 
droplet-ejection timing P, and these are indicated by 
time slots. In other words, in each pixel, a dot is formed 
by a maximum of P ink droplets (i.e., the maximum 

15 number of gradations is P + 1 including no droplet). The 
first to N-th pixel positions are horizontally indicated in 
Fig. 7. Accordingly, the number of the nozzles 18 in the 
arrangement direction is also N. 

[0094] In Fig. 7, to pixel number 1 in the M-th line, an 

20 ink droplet is ejected four times and the four ink droplets 
form a dot for the pixel number 1 . To the pixel number 
1 in the (M+1)-th line, an ink droplet is ejected three 
times, whereby three regions occupied by the dots are 
formed in the pixel region corresponding to the pixel 

25 number 1 in the (M+1) line. 

[0095] Here, the pixel number 1 in the M-th line and 
the pixel number 1 in the (M+1 )-th line are delivered al- 
most in the same (pixel) column. Pixels in other pixel 
numbers are also in a similar situation. 

30 [0096] As described above, a pixel fomned at pixel 
(column) number 1 . and the M-th pixel line by one or 
more ink droplets, and a pixel fonned at the pixel column 
number 1 and the (M+1 )-rme by one or more ink droplets 
are delivered almost in the same column, in this embod- 

35 iment. In this case, one of ink ejecting portions for eject- 
ing the first ink droplet to form the pixel in the M-th line, 
and one of the ink ejecting portions for ejecting the first 
ink droplet to form the pixel in the (M+1)-th line can be 
controlled to differ from each other. 

40 [0097] By using this technique, for example, in the 
case of forming a pixel by one ink droplet, dots formed 
by the same ink ejecting portion are not delivered in con- 
secutive positions in the same column. Similarly, in the 
case of forming a pixel by using a few (odd) number of 

45 ink droplets, , the same ink ejecting portion which is first 
used to fomn the dots should be used alternately with 
others which can deliver dots to the same pixel column. 
[0098] Accordingly, for example, when a pixel is 
formed, and the ink droplet cannot be ejected due to 

50 clogging or the like in the ink ejecting portion, the use of 
the same ink ejecting portion continuously makes it im- 
possible to fomn dots in that particular pixel column. 
However, by using the above technique, such a situation 
can be avoided. 

55 [0099] In addition, ink ejecting portions may randomly 
be selected other than the above technique. One of an 
ink ejecting portion for forming the dot in the M-th line 
and an ink ejecting portion for ejecting the first ink drop- 
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let for forming the dot in the M-th line, and one of an ink 
ejecting portion for forming the dot in the (M+1 )-llne and 
an ink ejecting portion for ejecting the first ink droplet for 
forming the dot in the (M+1)-th line may be controlled 
so as not to be always the same. 

Ink-ejecting-portion Selector and Ejection-direction 
(deflection) controller 

[0100] In this embodiment, the ejection controller in- 
cludes an ink-ejecting-portion selector and an ejection- 
direction controller. 

[01 01] Based on a preset fomnat (manner or pattem), 
the ink-ejecting-portion selector selects one or more ink 
ejecting portions for ejecting ink droplets from among a 
plurality of ink ejecting portions. 
[0102] The ejection-direction controller detemriines an 
Ink-droplet ejecting direction based on a fonnat con- 
forming to the above format set for ink-ejecting-portion 
selection by the ink-ejecting-portion selector. 
[0103] The "preset fonnat" for controlling the ink- 
ejecting-portion selector and the "format conforming to 
the fonnat set for ink-ejecting-portion selection by the 
ink-ejecting-portion selector" for controlling the ejection- 
direction controller are described below with reference 
to Figs. 8A, 8B, and 8C. Fig. 8A illustrates how an image 
signal as an ejection executing signal is sent to Ink eject- 
ing portions. For example, as shown in Fig. 8A, an ejec- 
tion executing signal for forming a dot for pixel N is sup- 
plied to ink ejecting portion N (an ink ejecting portion 
that ejects an ink droplet to pixel N when the ejection is 
not deflected) and ink ejecting portions {N-1) , (N+1) , 
and (N+2) which are adjacent to ink ejecting portion N 
In the cycle of a, b, c, and d. In the cycle of a, b, c, and 
d, a dot for one pixel is formed. In the example in Fig. 
8A, the ejection executing signal corresponds to an im- 
age signal in which the maximum number of gradations 
is 5. 

[0104] Of course, this invention can form a different 
maximum number of gradations. For example, 2 cycles 
of a, b, c, d can form a maximum number of gradations 
9.1.5 cycles can fonri a maximum number of gradations 
7. 0.5 cycles can fonn a maximum number of gradations 
3 , etc. 

[01 05] The above is the concept of the "preset format* 
for controlling the ink-ejecting-portion selector. 
[0106] Next, the "format conforming to the format set 
for ink-ejecting-portion selection by the ink-ejecting-por- 
tion selector" for controlling the ejection-direction con- 
troller is described below. 

[0107] As shown in Fig. 88, in accordance with the 
cycle of a, b, c, and d, the ejection-direction controller 
deflects the ejection in the cycle of a, b, c, and d. Spe- 
cifically, an ejection executing signal inputted with timing 
"a" In the cycle of a, b, c, and d is sent to the ink ejecting 
portion (N-1). in Fig. 8A, and from the ink ejecting portion 
(N-1), an ink droplet is ejected and deflected to the di- 
rection a targeted to the pixel position N in Fig. SB. Thus, 



fromthe ink ejecting portion (N-1), an ink droplet is eject- 
ed and deflected to the region of pixel N. Control of the 
ink ejection is performed based on the signals 81 and 
82. Con-espondences between signals 81 and 82 as 
5 2-blt signals, and the cycle of a, b, c, and d are shown 
in Fig. 8C. 

[0108] Next, Fig. 9 is used to describe the fomriation 
based on the above format of dots on printing paper 
Fig. 9 shows the process of the formation, based on 
10 ejection executing signals sent in parallel to the head 
11, of dots for pixels on printing paper by ink .ejecting 
portions. The ejection executing signals correspond to 
the Image signals. 

[0109] In the example in Fig. 9, the number of grada- 

^5 tions of the ejection executing signal for the pixel N is 
set to 5, the number of gradations of the ejection exe- 
cuting signal for the pixel (N+1 ) is set to 2, the number 
of gradations of the ejection executing signal forthe pix- 
el (N+2) is set to 4, and the number of gradations of the 

20 ejection executing signal for the pixel (N+3) is set to 3. 
[0110] As described above, the ejection signal for 
each pixel is sent to each predetemnined ink ejecting 
portion in the cycle of a, b, c, and d, and in the same 
cycle, each ink ejecting portion ejects deflected ink drop- 

25 lets having the cycle of a, b, c, and d.. The periods a, b, 
c, and d correspond to time slots a, b, c, and d, respec- 
tively, and one cycle of a, b, c, and d fomris one dot for 
one pixel. For example, In the period a, an ejection ex- 
ecuting signal for the pixel N Is sent to the ink ejecting 

30 portion (N-1), an ejection executing signal for the pixel 
(N+1) is sent to the ink ejecting portion N, an ejection 
executing signal for the pixel (N+2) is sent to the ink 
ejecting portion (N+1), and an ejection executing signal 
for the pixel (N+3) Is sent to the ink ejecting portion 

35 (N+2). 

[0111] From the ink ejecting portion (N-1), the ink 
droplet is ejected in the a-direction with deflection, and 
is delivered to the position of the pixel N on the printing 
paper. Also, from the ink ejecting portion N, the ink drop- 

40 let is ejected in the a-direction with deflection, and is de- 
livered to the position of the pixel (N+1) on the printing 
paper. Also, from the ink ejecting portion (N+1), the ink 
droplet Is ejected in the a-dlrection with deflection, and 
is delivered to the position of the pixel (N+2) on the print- 

45 ing paper Also, from the ink ejecting portion (N+2), the 
Ink droplet is ejected in the a-dlrection with deflection, 
and is delivered to the position of the pixel (N+3) on the 
printing paper. 

[0112] This delivers, to pixel positions on the printing 
50 paper, ink droplets corresponding to two gradations. 
This forms a dot in the pixel (N+1) since the number of 
gradations is 2 in the ejection executing signal of the 
pixel (N+1 ). A similar process is subsequently repeated 
for the time slots a, b, c, and d. 
55 [0113] As a result, in the pixel N, a dot corresponding 
to the number of gradations being 5 is formed. In the 
pixel (N+1), a dot corresponding to the number of gra- 
dations being 2 is formed. In the pixel (N+2), a dot cor- 
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responding to the number of gradations being 4 is 
fornned. In the pixel (N+3). a dot corresponding to the 
number of gradations being 3 Is formed. 

Deflection controller 

[0114] In this embodiment, the ejection controller in- 
cludes a deflection controller that determines whether 
the ejection deflector deflects the ink droplets ejected 
from the nozzles 1 8. 

[0115] In other words, instead of controlling the ink 
ejecting portions to always eject Ink droplets with deflec- 
tion, based on printing conditions such as an object to 
be printed and printing speed, it can be detemnined 
whether the ejected ink droplets are deflected. For ex- 
ample, by providing a printer operation unit or the like 
with a deflection controller, a printer user can switch be- 
tween operation modes depending on a purpose of use. 
[0116] By way of example, in a case in which, when 
both a document portion and a photograph (image) por- 
tion are printed, black ink is only used to print the doc- 
ument portion without gradation, and in the case of re- 
quiring high speed even for printing a photograph, the 
normal mode is set as the operation mode, and ink drop- 
lets are ejected as usual so that positions to which the 
ink droplets are delivered respectively correspond to Ink 
ejecting portions (i.e., the ink droplets are ejected with- 
out being deflected). Conversely, in the photograph 
mode, as described in this embodiment, a plurality of 
different ink ejecting portions are used to fomri one pixel, 
and at least one ink ejecting portion is controlled to eject 
and deflect an ink droplet to fonn a pixel. 
[0117] The above printing control enables efficient 
printing. 

[0118] The present invention can be applied to a serial 
head which includes a single head 11 and in which the 
head 11 perfomns printing while moving in the line direc- 
tion, and also to a line head in which heads 11 are ar- 
ranged in parallel in the direction of the ink ejecting por- 
tions. 

[0119] Fig. 10 consists of plan views showing an ex- 
ample of a line head 10. Fig. 10 shows four heads 11 

(N-1, N, M+1, and N+2). To form the line head 10, a plu- 
rality of heads 11 are arranged each of which is formed 
by the portion (chip) of the head 11 in Fig. 1 excluding 
the nozzle sheet 17. 

[0120] By bonding, onto the top of the heads 11, a 
nozzle sheet 17 in which nozzles 18 are formed in po- 
sitions con'esponding to the ink ejecting portions of the 
heads 11, the line head 11 is formed. 
[0121] In the case of the line head 10, each head 1 1 
cannot move in the line direction. Thus, when a dot com- 
posed of a plurality of gradations is formed, the related 
art only fomns a dot by ejecting inkfrom a single ink eject- 
ing portion. However, by applying the present invention, 
a plurality of adjacent different ink ejecting portions are 
used to form a dot composed of plural gradations. 
[01 22] Also, in the case of the line head 1 0, when ink 



droplets cannot be ejected or there is an ink ejecting 
portion that ejects insufficient ink, in a pixel column cor- 
responding to the ink ejecting portion, ink droplets are 
not ejected at all, or the ink droplets are hardly ejected. 

s Thus, no dot is formed to appear as a vertical white 
stripe, thus deteriorating printed image quality. Howev- 
er, by using the present invention, instead of the ink 
ejecting portion that cannot eject sufficient ink, other ad- 
jacent ink ejecting portions can eject ink droplets. Ac- 

10 cordingly, an advantage obtained by applying the 
present invention to the line head 10 is larger than that 
of the serial head. 

Second Embodiment 

15 

[0123] Next, a second embodiment of the present in- 
vention is described below. 

[01 24] In a second embodiment of the present inven- 
tion, the ejection deflector in the first embodiment is dis- 
20 closed as a more specific example, the direction of an 
ink droplet ejected from the nozzle 1 8 can be more var- 
iously set compared with the first embodiment. In other 
words, the first embodiment has four directions in which 
an ink droplet is ejected from the nozzle 18, as shown 
25 in Fig. 8. However, the present invention is not limited 
to the directions of ejection shown in the first embodi- 
ment. Accordingly, the second embodiment describes 
an example in which an ink droplet can be ejected in 
eight directions (composed of equal numbers of right 
30 and left directions) in the direction of the arranged noz- 
zles 1 8 with respect to the central axes of the nozzles 
18 (ink ejecting portions), as described later. 
[0125] In the following description of the second em- 
bodiment, descriptions of portions identical to those of 
35 the first embodiment are omitted. 

[0126] Fig. 11 shows an ejection-control circuit 50 in- 
cluding an ejection deflector in the second embodiment. 
[0127] In the second embodiment, bisected resistors 
13 (resistors Rh-A and Rh-B in Fig. 11) in the ink cell 12 
40 are connected in series. The resistances of the resistors 
13 are set to be almost equal to each other. Thus, by 
supplying identical amounts of current to the resistors 
1 3 connected to each other in series, an ink droplet can 
be ejected from the nozzle 1 8 without being deflected. 
45 [0128] A current-mirror circuit (hereinafter referred to 
as a "CM circuit") Is connected to (the midpoint of the) 
two heating resistors 13 connected to each other in se- 
ries. By using the CM circuit to allow a current to flow 
into or to flow out from a junction of the heating resistors 
50 1 3, a difference is set in the amounts of currents flowing 
in the heating resistors 13. Based on the difference, 
ejection is controlled so that an ink droplet ejected from 
the nozzle 18 can be deflected in the direction of the 
arranged nozzles 18 (ink ejecting portions). 
55 [0129] The use of the above structure in the second 
embodiment can more flexibly set a direction in which 
an ink droplet is ejected, compared with the first embod- 
iment. 
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[0130] In Fig. 11 , a power supply Vh is used to apply 
a voltage to the resistors Rh-A and Rh-B. 
[01311 The ejection-control circuit 50 In Fig. 11 in- 
cludes transistors Ml through to M21 . The transistors 
M4, M6, M9, M11, M14, M16, M19, and M21 are PMOS 5 
transistors, and the other transistors are NMOS transis- 
tors. Pairs of the transistors M4 and M6, M9 and Mil, 
M14 and M1 6, and Ml 9 and M21 constitute CM circuits, 
respectively. The ejection-control circuit 50 includes four 
CM circuits. io 
[01 32] For example, in the CM circu it composed of the 
transistors M4 and M6, the gate and drain of the tran- 
sistor M6 are connected to the gate of the transistor M4. 
Thus, equal voltages are constantly applied to the tran- 
sistors M4 and M6, and almost equal currents can flow is 
in them. This similarly applies to the other CM circuits. 
[0133] The transistors MS and M5 function as a cur- 
rent switch circuit by which a current (generated by M2) 
is controlled either to flow into the resistors Rh-A and 
Rh-B through the CM circuit composed of the transistors 20 
M4 and M6, or to flow out from the junction of the resis- 
tors Rh-A and Rh-B via transistor M3. 
[0134] Similarly, pairs of the transistors MS and M10, 
MISand M16, andM18 and M20 are respectively sec- 
ond switching elements for the CM circuits formed by 25 
the pairs of the transistors M9 and M11, M14and M16, 
and M19 and M21. 

[01 35] In the CM composed of the transistors M4 and 
M6, and the switching element fomned by the transistors 
M3 and M5, the drains of the transistors M4 and MS are 30 
connected to each other, and the drains of the transis- 
tors M6 and MS are connected to each other. This shape 
also applies to all other switching elements (in this 
embodiment) . 

[0136] The drains of the transistors M4, M9, M14. and 35 
Ml 9 which are parts of the current-mirror circuits, and 
the drains of the transistors MS, M8, M1S, and Ml 8 are 
connected to the midpoint of the resistors Rh-A and Rh- 
B. 

[0137] The drain currents of the transistors M2, M7, 40 
Ml 2, and Ml 7 are used as constant current sources for 
the CM circuits, and their drains are respectively con- 
nected to the sources and backgates of the transistors 
MS, MB, MIS, andMIB. 

[0138] The drain of the transistor Ml is connected in 45 
series with the resistor Rh-B. It is turned on when an 
ejection-executing input switch A is in the state "1 " (ON), 
and allows a current to flow in the resistors Rh-A and 
Rh-B (simultaneously). In other words, the transistor M 1 
serves as a switch to supply current to the resistors Rh- so 
A and Rh-B. 

[01 39] The output terminals of AND gates X1 through 
to X9 are connected to the gates of the transistors M1 , 
MS, M5, etc. The AND gates X1 through to X7 are of a 
two-input type, and the AND gates X8 and X9 are of a 55 
three-input type. At least one of the input temriinals of 
the AND gates XI through to X9 is connected to the 
ejection-executing input switch A. 



[0140] XNOR gates X10, X12, x14. and X16 each 
have an input temninal connected to a deflection-direc- 
tion switch C, and the other input temninals of the XNOR 
gates X10, X12, X14, and X16 are connected to deflec- 
tion-control switches J1 through to JS and a deflection- 
angle correcting switch S, respectively 
[0141] The deflection-direction switch C is used to 
switch the direction of ink-droplet ejection in either di- 
rection (for the same control signal) in which the nozzles 
18 are arranged. When the deflection-direction switch 
C changes its state ("0" to "1" or "1" to "0") , input logic 
(provided with nodes J1 through to J3 and S) of the other 
inputs of the XNOR gate XI 0, X12, X14, and XI 6 are 
inverted. 

[0142] The deflection-control switches J1 through to 
J3 are used to determine an amount of deflection for 
changing the direction of ink-droplet ejection. For exam- 
ple, when the input terminal J3 is In the state "1" (ON), 
while another input of the same gate connected to the 
switch C is "1", the output of the XNOR gate X10 is "1". 
[01 43] The output terminal of each of the XNOR gates 
X10,..., X16 is connected to one input tenninal of each 
of the AND gates X2, X8 and is connected by way of 
each of NOT gates X11 X17 to one input terminal of 

each of the AND gates X3 X9. One input tenninal of 

each of the AND gates X8 and X9 is connected to an 
ejection-angle correcting switch K. 
[0144] A deflection-amplitude control terminal B is 
used to determine a current for the transistors M2,..., 
Ml 7 used as the constant current supplies for the CM 
circuits, and is connected to the gate of each of the tran- 
sistors M2 Ml 7. Since the application of an appro- 
priate voltage (Vx) to the deflection-amplitude control 
tenninal B supplies a gate-source voltage (vgs) to all the 
gates of the transistors M2,..., M1 7, currents flow in each 
drain of the transistors M2 , M17. 
[0145] In the above configuration, the parenthesized 
representation "XN" (N = 1 , 2, 4, or 50) in each of the 
transistors Ml to M21 represents a parallel state of el- 
ement. For example, the representation "XI" (M12, 
M21) represents a standard element. The representa- 
tion "X2" (M7, M11) represents an element equiva- 
lent to one in which two standard elements are connect- 
ed in parallel. In other words, the representation "XN" 
represents an element equivalent to one in which N el- 
ements are connected in parallel. 
[0146] The transistors M2, M7, M12, and Ml 7 have 
the representations "X4", "X2", "X1", and "XI", respec- 
tively. Thus, by applying an appropriate voltage across 
the gate and ground of each transistor, their drain cur- 
rents are in the ratio of 4:2:1 :1 . 

[0147] Thus, in Fig. 11 , for the same gate-source volt- 
age (Vx) given to the deflection control node, the drain 
cun-ent of each transistor M2,..., M1 7, is proportional to 
those numbers in the parentheses. 
[0148] The source of the transistor M1 whose drain Is 
connected to the resistor Rh-B, and the sources of the 
transistors M2 Ml 7 which are used as constant cur- 
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rent supplies for the CM circuits are connected to the 
ground (GND) . 

[0149] Next, regarding the operation of the ejection- 
control circuit 50, at first, the current-mirror circuit com- 
posed of the transistors M4 and M6, and the transistors 
MS and M5 used as a switching element therefor are 
described below. 

[0150] Only when the eject Ion -executing input switch 
A has the state "1" (ON), an ink droplet is ejected. In this 
embodiment, when an ink droplet Is ejected from one 
nozzle 18, the ejection-executing input switch A is set 
to be In . the state "1 " (ON) during a period of 1 .5 micro- 
seconds (1/64), and the power supply Vh (approximate- 
ly 9 V) supplies power to the resistors Rh-A and Rh-B. 
94.5 microseconds (63/64) are assigned to a period In 
which an ink cell 12 having ejected an ink droplet is re- 
filled with ink, with the ejection-executing Input switch A 
set to be in the state "0" (OFF). 

[0151] For example, when the ejection-executing In- 
put switch A is in the state "1 ", the deflection-amplitude 
control terminal B has the voltage Vx (analog voltage), 
the deflection-direction switch C is in the state "1", and 
the deflection-control switch J3 is In the state "1", the 
output of the output of the XNOR gate is "1 ". Thus, this 
output "1" and the state "1" of the ejection-executing in- 
put switch A are input to the AN D gate X2, and the output 
of the AND gate X2 is 1 . Hence, the transistor MS is 
turned on. 

[0152] When the output of the XNOR gate is "1 the 
output of the NOT gate XII Is "0". Thus, this output "0" 
and the state "1" of the ejection-executing input switch 
A are input to the AND gate X3, so that the output of the 
AND gate X3 is "0" and the transistor M5 is turned off. 
[0153] Accordingly, since the drains of the transistors 
M4 and MS are connected to each other and the drains 
of the transistors M6 and MS are connected to each oth- 
er, when the transistor MS Is in ON state and the tran- 
sistor M5 is In OFF state, a current flows from the resis- 
tor Rh-A to the transistor MS but no current flows to the 
transistor M6 due to the OFF state of the transistor MS. 
Also, when no current flows to the transistor M6, no cur- 
rent also flows to the transistor M4 due to the charac- 
teristics of the current-mirror circuit. Since the transistor 
M2 is in ON slate, In the above case, among the tran- 
sistors MS, M4, MS, and M6, a current only flows from 
the transistor MS to M2. 

[0154] In this state, no current flows In the transistors 
M4 and M6. Since a current can flow through the tran- 
sistor MS, a current passing through the resistor Rh-A 
branches off to the transistor MS and the resistor Rh-B. 
The current passing through the transistor MS passes 
through the transistor M2, which is in ON state, and Is 
led to the ground. The current passing through the re- 
sistor Rh-B passes through the transistor Ml , which is 
in ON state, and is led to the ground. Thus, the relation- 
ship In flowing current between both resistors is l(Rh-A) 
> l(Rh-B), where the representation "l(XX-X)" repre- 
sents a current flowing through XX. 



[0155] A case in which the deflection-control switch 
J3 is in the state 1 has been described. Underthe above 
conditions, a case in which the deflection-control switch 
JS is in the state "0", that is, the deflection-control switch 
5 J3 has a different Input (while switches A and C are set 
to be in the state 1 similarly to the above), is as follows: 
[0156] In this case, the output of the XNOR gate X10 
becomes "0". This causes the AND gate X2 to have "0" 
and "1 " as inputs, so that Its output is "0". Thus, the fran- 
co sistor M3 Is turned off. 

[0157] When the output of the XNOR gate X10 is "0", 
the output of the NOT gate X1 1 Is "1 ". Thus, the inputs 
of the AND gate XS are "1 " and "1 thus turning on the 
transistor MS. 

15 [0158] During the ON stateof the transistor M5, a cur- 
rent flows in the transistor MB which causes a current 
to flow also in the transistor M4 because of the charac- 
teristics of the CM circuit. 

[01 59] Thus, a current is supplied and flows in the re- 
20 sistor Rh-A, the transistors M4 and M6 from the power 
supply Vh. All the current passing through the resistor 
Rh-A flows In the resistor Rh-B (the cun-ent passing 
through the resistor Rh-A does not branchoff to the tran- 
sistor MS since it Is in OFF state). All the current passing 
25 through the transistor M4 flows into the resistor Rh-B 
since the transistor MS is in OF F state. The current pass- 
ing through the transistor M6 flows into the transistor 
M5. 

[0160] Accordingly, when the deflection-control 

30 switch JS is in the state "1", the current passing through 
the resistor Rh-A branches off to the resistor Rh-B and 
the transistor MS. When the deflection-control switch J3 
is in the state "0", not only the current passing through 
the resistor Rh-A, but also the current passing through 

35 the transistor M4 flow Into the resistor Rh-B. As a result, 
the relationship between the currents flowing in both re- 
sistors Is represented by l(Rh-A) < I (Rh-B). The ratio Is 
symmetrical In both cases (the deflection-control switch 
JS is in states "1" and "0"). 

40 [0161] By setting the amounts of currents flowing in 
the resistors Rh-A and Rh-B to differ in the above man- 
ner, a difference is generated in bubble producing time 
between the bisected heating resistors 13. This can 
change a direction In which an ink droplet Is ejected. 

45 [0162] Between the cases in which the deflection- 
control switch JS is in states "1" and "0", a direction in 
which an ink droplet Is deflected can be symmetrteally 
switched in position to the direction in which the nozzles 
18 are arranged. 

so [0163] Accordingly, by adjusting the voltage Vx of the 
deflection-amplitude control terminal B, the interval be- 
tween two positions to which an ink droplet is delivered, 
when the deflection-control switch JS is In the state "1" 
and that of the deflection-control switch J3 is In the state 

55 "0", can be equal to the distance between two adjacent 
ink ejecting portions (the nozzles 18), and ink droplets 
can be delivered in a pixel region from the nozzles 18 
of adjacent ink ejecting portions, as Fig. 12 shows. 
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[0164] This case differs from that of the first embodi- 
ment in that the positions to which the ink droplets are 
delivered (position of pixel columns) are become the 
midpoint of the nozzles 18. 

[0165] The above description applies to a case in 
which the defiection-control switch J3 only is switched 
on or off . If switches J2 and J1 are also engaged mixedly 
with J3, the amounts of the cun^ents flowing In the resis- 
tors Rh-A and Rh-B can be set with a finer step. 
[0166] More specifically, by using the deflection-con- 
trol switch J3, the current flowing in the transistors M4 
and M6 can be controlled. By using the deflection-con- 
trol switch J2, the current flowing in the transistors M9 
and Mil can also be controlled. Further, by using the 
deflection-control switch J1 , currents flowing in the tran- 
sistors M14andM16 can be controlled. 
[0167] As described above, drain currents can be 
supplied to the transistors M4 and M6, the transistors 
M9 and M11 , and the transistors M14 and M16 in the 
ratio of 4:2:1 . Therefore, by using three bits, namely, the 
deflection -control switches J1 to J3, the direction in 
which the ink droplet is deflected can be changed to 
eight steps in which (J1 -state, J2-state, J3-state) = (0, 
0, 0), (0, 0, 1), (0, 1,0), (0, 1, 1), (1, 0, 0), (1, 0, 1), (1, 
1,0), and (1,1, 1). 

[0168] By changing the voltage applied between the 
gates of the transistors M2, M7, M12, and M1 7 and the 
ground, the amounts of the currents can be changed. 
Thus, an amount of deflection in one step can be 
changed by changing the drain currents in those tran- 
sistors while maintaining their ratio as 4:2:1 . 
[0169] Accordingly, when ejection of Ink droplets is 
deflected to an even number of 2^ different directions by 
using a control signal represented by J bits (in the sec- 
ond embodiment, by J1, J2, and J3 bits, the distance 
between the two farthest positions of the dots delivered 
from the same ink ejecting portion Is (2*^-1) tinnes that 
of the distance between two adjacent Ink ejecting por- 
tions (the nozzles 18). (J = 1 case is shown in Fig. 12) 
Thus, in the case of the second embodiment, any one 
of the 2^ directions for ejection of Ink droplets can be 
selected and Ink droplets can be delivered In any one of 
eight pixel regions in the direction of the arranged noz- 
zles 18. 

[0170] The deflection-angle correcting switches S 
and K are similar to the deflection-control switches J1 
to J3 in switch for changing the direction of ink-droplet 
ejection, but differ in the purpose of use in correcting the 
angle of ejection of ink droplet. Switches S and K can 
be controlled independently from Switches J. In this em- 
bodiment, two bits which form the deflection-angle cor- 
recting switches S and K are used for correction. 
[0171] The ejection-angle correcting switch K is used 
to determine whether or not correction is performed. The 
ejection -angle correcting switch K is set so that correc- 
tion is performed when its state is "1" and no correction 
is perfomied when its state is "0". 
[0172] The deftection-angle correcting switch S is 



used to determine in which the correction of the direction 
on the arranged nozzles 18 is performed. 
[01 73] For example, when the ejection-angle correct- 
ing switch K Is in the state "0" (no correction is per- 

5 formed), both the outputs of the AND gates X8 and X9 
are "Os" since at least one input of each of the AND gates 
X8 and X9 is "0". Thus, the transistors Ml 8 and M20 are 
turned off, which turns off the transistors I\/I1 9 and M21 . 
This causes no change in the currents flowing in the re- 

10 sistors Rh-A and Rh-B. 

[0174] Conversely, when the ejection-angle correct- 
ing switch K is in the state "1 " while the deflection-angle 
correcting switch S is in the state "0", and the deflection- 
direction switch C is in the state "0", the output of the 

15 XNOR gate XI 6 is "1 ". Thus, all three inputs of the AND 
gate X8 are fed by "1"s, which makes its output at "1" 
state, and turns on the transistor M1 8. Since one of the 
inputs of the AND gate X9 is set to "0" by the NOT gate 
XI 7, the output of the AND gate is "0", thus turning off 

20 the transistor M20. Therefore, the OFF state of the tran- 
sistor M20 causes no current to flow in the transistor 
M21. 

[01 75] The characteristics of the current-mirror circuit 
cause no current to flow also in the transistor M 19. How- 

25 ever, the ON state of the transistor Ml 8 causes a current 
to flow from the midpoint of the resistors Rh-A and Rh- 
B into the transistor Ml 8. Thus, the current in the resistor 
Rh-B can be reduced than that in the resistor Rh-A. Ac- 
cordingly, the angle of ejection of ink droplet is corrected 

30 and the position to which the ink droplet is delivered can 
be corrected by a predetermined amount in the direction 
in which the nozzles 18 are arranged. 
[0176] The above correction is performed in units of 
ink ejecting portions or in units of heads 1 1 . It is common 

35 that directions in which ink droplets are ejected from the 
ink ejecting portions of one head 1 1 are not always con- 
stant but fluctuating. Normally, the range of the error 
(fluctuation) is defined^ and when each direction (posi- 
tion to which an ink droplet is delivered) of ejection of 

40 ink droplet is within a predetermined range, the direction 
is treated as nomial. However, for example, a shift in the 
direction in which an ink droplet is ejected from one ink 
ejecting portion becomes too large compared with the 
other ink ejecting portions, the uniformity of an ink-drop- 

45 let delivery pitch deteriorates, appearing in the form of 
a stripe. To correct such a positional shift, correction for 
each ink ejecting portion is performed (the direction of 
ejection is changed) . 

[0177] Regarding the correction of the direction of ink- 
so droplet ejection, once a correct position to which an ink 
droplet is delivered is obtained within the predetermined 
range, the amount of correction does not need to be re- 
adjusted unless the characteristics of the direction of 
ejection change with time. 
55 [0178] Accordingly, it is necessary to determine for 
which of the ink ejecting portions of one head 11, cor- 
rection must be perfomned, or for which of the heads 11 , 
correction must be performed, and how much correction 
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is needed in the case which requires correction. For 
matching the determined correction, the deflection-an- 
gle correcting switches S and K may be turned on or off. 
[01 79] As described above, by setting the deflection- 
direction switch C to have an input of the state "1 " or "0", 
the deflection direction can be symmetrically changed 
in position in the direction in which the nozzles 18 are 
arranged. 

[01 80] In the line head 1 0 In the second embodiment, 
as in example in Fig. 10, the heads 11 (having identical 
specifications or structures) are arranged in the width 
direction of printing paper and are arranged in a repeat- 
ed pattern so that two adjacent heads 11 can oppose 
each other (every other head 11 is disposed wirh it ro- 
tated 1 80 degrees with respect to the adjacent head 11 ). 
In this case, when a common signal is sent to J 1 through 
to J3 to the two adjacent heads 1 1 from the deflection- 
control switches, the deflection directions in either head 
are opposing to those of the other head. In the second 
embodiment, by providing the same status ("1" or "0") 
to the deflection-direction switch C of every other head 
chip, the direction of deflection in the entire head 1 1 can 
be made virtually identical to the common signal given 
at J1 through to J3. 

[0181] Accordingly, when a line head is fomned by ar- 
ranging the heads 1 1 in the repeated pattern, the deflec- 
tion-direction switch C is set to be in the state "0" for 
heads N, N+2, N+4, etc., for example, in the even-num- 
bered positions among the heads 1 1 , and the deflection- 
direction switch C is set to be in the state "1" for the odd- 
numbered heads N+1 , N+3, N+5, etc., whereby the di- 
rection of deflection in each head in the line head 20 can 
be set to be virtually constant. 

[0182] Fig. 13 is a front view showing directions in 
which ink droplets are ejected from adjacent heads 11 
arranged in the repeated pattern. The adjacent heads 
1 1 are referred to as heads N and N+1 , respectively. If 
the deflection-direction switch C is not provided in this 
case, by setting each of the heads N and N+1 to deflect 
the direction of ink-droplet ejection by 9 from perpendic- 
ularity, as Fig. 13 shows, both heads have such sym- 
metrical directions of ejection that the direction of ejec- 
tion from the head N is changed to direction Z1 and the 
direction of ejected from the head N+1 is changed to 
direction Z2 because the heads N and N+1 are posi- 
tioned so that every other head is disposed which it ro- 
tated 1 80 degrees with reference to the other. 
[0183] However, as in the second embodiment, by 
providing the deflection-direction switch C, and, for ex- 
ample, setting the deflection-direction switch C to be in 
the state "0" for the head N and setting the deflection- 
direction switch C to be in the state "1 " for the head N+1 , 
the direction of ejection from the head N can be changed 
to direction Z1 and the direction of ejection from the 
head N+1 can be changed to direction Z2', so that the 
direction of ejection can be set to be constant in the di- 
rection in which the nozzles 18 are arranged. 
[01 84] As described above, by supplying identical de- 



flection signals for the other switches and changing only 
the input of the deflection-direction switch C, the direc- 
tions of ejection from the heads 11 arranged in the re- 
peated pattern can be identically set. 

5 [0185] A case in which ejection of an ink droplet is set 
to an even number of 2^ different directions has been 
described. In the ejection -control circuit 50, by setting 
the deflection-amplitude control temriinal B to have val- 
ues of zero or Vx (DC value in volt in this case), ejection 

10 of an ink droplet from the nozzle 1 8 can be set to have 
an odd number of directions. In other words, by setting 
the deflection-amplitude control terminal B to have Vx, 
as described above, ejection of the ink droplet is set to 
have an even number of directions composed of equal 

15 numbers of right and left directions in the direction of the 
arranged nozzles 18. In addition, by setting the deflec- 
tion-amplitude control terminal B to have zero, an ink 
droplet can be ejected directly below with no deflection 
which delivers the droplet out of the nozzle 18. There- 

20 fore, by using deflected ejection of the ink droplet to 
equal numbers of right and left directions, and ejection 
of the ink droplet with no deflection, an odd number of 
directions for ejection can be realized (see Fig. 14). 
[01 86] In this case, a control signal is represented by 

25 (J (2^) + 1 ) bits, and the number of directions for ejection 
is an odd number of (2*^ + 1) different directions. Here, 
ink droplet ejection may be set so that, by adjusting the 
value of the deflection -amplitude control terminal B (= 
Vx) , among the (2^ + 1 ) directions, the distance between 

30 the two farthest positions to which an ink droplet can be 
delivered is 2^ times (2^ x x where J = 1 case is shown 
in Fig, 14) the distance (x in Fig. 1 4) that is the distance 
between two ink ejecting portions (the nozzles 18), and 
when an ink droplet is ejected, any one of the (2*^+1) 

35 directions may be set. 

[0187] This makes it possible to deliver Ink droplets 
not only to a pixel region N positioned underthe nozzle 
N, but also to adjacent pixel regions N-1 and N+1 on 
both sides thereof. 

40 [0188] Also, each position to which an ink droplet is 
delivered corresponds in position to each nozzle 18. 
[0189] By using the above ejection deflector instead 
of the ejection deflector In the first embodiment, setting 
of the direction of ejection is facilitated compared with 

45 that in the first embodiment, and various direction of 
ejection can be set. 

[0190] Figs. 15 and 1 6 respectively show processes 
in which, in the two-directional ejection case (the 
number of directions for ejection is even) and in the 

50 three-directional ejection case (the number of directions 
for ejection is odd) where pixels are formed on printing 
paper based on an ejection-executing signal sent to the 
head 11 by ink ejecting portions, which correspond to 
Fig. 9 of the first embodiment. Since the pixel forming 

55 processes in Figs. 15 and 16 are similar to that de- 
scribed using Fig. 9, descriptions thereof are omitted. 
[0191] As described above, by using the ejection de- 
flector in the second embodiment, as Figs. 15 and 16 
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show, various forms of ejection-executing signals sent 
to the head 1 1 can be set In the process by the ink eject- 
ing portions of fonning each pixel on the printing paper. 

Third Embodiment 

[01 92] In the second embodiment, by setting the Input 
to the deflection-amplitude control terminal B to zero so 
that an Ink droplet is ejected without being deflected. A 
form in which this ejection control is facilitated is the 
ejection -control circuit 50A shown In Fig. 17. 
[0193] Although the ejection -control circuit 50 in Fig. 
11 Includes four CM circuits, the ejection-control circuit 
50A in Fig. 17 includes only a single CM circuit (com- 
posed of transistors M31 and M32), whereby simplifica- 
tion of the entire circuit structure is achieved. In the four 
CM circuits in Fig. 11 , the transistors M4 and M6 are 
represented by "X4" (number of transistors in parallel), 
the transistors M9 and Ml 1 are represented by "X2", and 
the transistors Ml 4 and M16 and the transistors M19 
and M21 are represented by "XI in the ejection-control 
circuit 50A in Fig. 1 7, devices represented by "X8" are 
used forthe transistors M31 and M32 so as to drain cur- 
rent capacities of those transistors equal to the sum of 
the drain current capacity of all the above transistors in 
the ejection-control circuit 50. 

[01 94] When "X8" devices are used as the transistors 
M31 and M32, it looks they require large space on the 
silicon. 

[0195] However, If individual transistors are disposed 
in the same circuit, eight wiring temninals are needed for 
each transistor since It has a drain, a source, etc. Ac- 
cordingly, as compared with the case of disposing eight 
individual transistors and associated wirings, the case 
of employing "X8" single transistor greatly reduces the 
required area for the entirety, even if the transistor itself 
occupies relatively a large space. 
[01 96] Therefore, by forming a single CM circuit as in 
the ejection-control circuit 50A in Fig, 17, the entire cir- 
cuit structure can be simplified, performing similar func- 
tions to those in the ejection-control circuit 50 in Fig. 11 . 
[01 97] The switching element (second switching ele- 
ment compared with first switching by transistor M1 ) of 
this current-mirror circuit only consists of transistors 
M33 and M34. In other words, four sets of the second 
switching elements as seen In Fig. 11 are not provided 
in the third embodiment, and only one set of the second 
switching element is provided instead. In Fig. 11. the 
transistors M3 and M5 are represented by "X4", the tran- 
sistors M8 and M10 are represented by "X2", and the 
transistors M 13, M15, M18 and M20are represented by 
"XI". On the contrary, devices represented by "X8" are 
used for the transistors M33 and M34 so as to provide 
with enough drain current capacity equal to the sum of 
those of all the above transistors in Fig. 11 . 
[01 98] The source and backgate of the transistor M 1 
are connected to the ground. The sources of the tran- 
sistors M33 and M34 are connected to the common cir- 



cuit (current source) to be described later, and their 
backgates are connected to the ground. Each output of 
the NOR gates X21 X22, and X23 are connected to the 
gates of the transistors M 1 , M33, and M34, respectively. 

5 [01 99] The ejection -control circuit 50A includes a cir- 
cuit including current-source unit for supplying currents 
to the transistors M33 and M34. The circuit Includes a 
first control terminal Z, second control tenninals D1 D2, 
and D3, and transistors M61 through to M66. 

10 [0200] The current-source unit consist of three cur- 
rent-source elements. In other words, by connecting, in 
parallel, (1 ) the current-source element composed of the 
transistor M62, which has a (current) capacity repre- 
sented by "X4", (2) the current-source element com- 

15 posed of the transistor M64, which has a (current) ca- 
pacity represented by "X2", and (3) the current-source 
element composed of the transistor M66, which has a 
(current) capacity represented by "XI". the cun-ent- 
source unit is formed. 

20 [0201] Also, transistors (the transistors M61, M63, 
and M65) having identical current capacities to those of 
the transistors constituting the current-source elements 
are connected as the switching elements of the current- 
source. The second control temninals D3 through to D1 

25 are connected to the gates of the transistors fonning the 
switching elements. 

[0202] The resistors Rh-A and Rh-B, the transistor 
Ml , and the ejection-executing switch A are identical to 
those shown in Fig. 11. 

30 [0203] In the ejection-control circuit 50A in Fig. 1 7, an 
ejection-executing input switch A uses a negative logic 
for convenience of the IC design in the third embodi- 
ment. Hence, In activating ejections, "0" is input to the 
ejection-executing input switch A, 

35 [0204] Accordingly, when "0" is input to the ejection- 
executing input switch A, and Os are input to a NOR 
gate X21, its output becomes "1", thus turning on the 
transistor Ml. 

[0205] When the input of the ejection-executing input 
40 switch A is "0", by inputting "0" to the polarity-change 
switch Dp, both Inputs of the NOR gate X22 are "0"s, 
the output of X22 becomes "1". This turns on the tran- 
sistor M3. In the above case (the ejection-executing in- 
put switch A is in the state "0" and the polarity-change 
45 switch Dp is in the state "0"), as the inputs of a NOR 
gate X23 are "1" and "0", the output becomes "0", thus 
turning off a transistor M34. 

[0206] In this case, no current flows from the transistor 
M32 to M34, so based on the characteristics of the CM 

50 circuit, no current flows to the transistor M31 . 

[0207] In this state, when the voltage of the resistor 
power supply Vh is applied, since a current flows In the 
transistor M33, a current flows from a point between Rh- 
A and Rh-b to transistor M33. As a result of fact, a cur- 

55 rent of Rh-A is increased, and a current of Rh-b is de- 
creased. The current passing through the transistor M33 
is sent to the ground. The current passing through the 
resistor Rh-B flows to the ground through the transistor 
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Ml . Thus, the currents through the resistors Rh-A and 
Rh-B has a relationship of l(Rh-A) > l(Rh-B). 
[0208] When "0" is input to the ejection-executing inr 
put switch A and "1" is input to the polarity-change 
switch Dp, both inputs of the NOR gate X21 are "0"s 5 
similarly to the previous case, therefore, the output of 
X21 becomes "1 ", thus turning on the transistor Ml . 
[0209] Also, since the inputs of the NOR gate X22 are 
"1" and "0", its output beconnes "0", thus turning off the 
transistor M33. Since both inputs of the NOR gate X23 io 
are "0"s, its output is "1", thus turning on the transistor 
M34. During the ON state of the transistor M34, a cun-ent 
flows through the transistor M34, and this flow of the 
current and the characteristics of the CM circuit allow a 
current to flow also in the transistor M31 . 
[0210] Therefore, in addition to the current passing 
through the resistor Rh-A, the current passing through 
the transistor M31 flows into the resistor Rh-B. As a re- 
sult, the current Ihrough the resistors Rh-A and that of 
the Rh-B have a relationship i(Rh-A) < l(Rh-B). 20 
[0211] Accordingly, similarly to the ejection -control 
circuit 50 in Fig. 11 , the current enabling the deflection 
can be drawn from, or flow into the midpoint of the re- 
sistors Rh-A and Rh-B. 

[0212] The ejection-control circuit 50A in Fig. 17 dif- 25 
fers from that of the circuit 50 in Fig. 11 in the following 
points: 

[0213] In the ejection-control circuit 50A, by inputting 
"1" or "0" to each of the second control terminals, the 
value of a current output from the current-source units 30 
can be changed. By changing a voltage applied to the 
first control temninal Z, scaling of the output current val- 
ue can be arbitrarily perfomned. 

[0214] Therefore, by applying an appropriate voltage 
Vx across the first control temninal Z and the ground, 35 
and separately operating the control temninals D1 
through to D3, the output current value can be controlled 
in eight steps from 0 (Id) to 7 (Id), with the drain cun-ent 
Id used as a step (when the value of Dp is maintained 
at some fixed level). Moreover, since a change in the 
applied voltage Vx can change the drain current Id (of 
all transistors associated with Vx), the entire current can 
also be changed proportionally. 

[021 5] Also, since a polarity-change switch Dp is pro- 
vided in addition to the three second control temninals ^5 
01 , D2, and D3, the total number of bits Is four. . 
[0216] Therefore, the ejection-control circuit 50 A in 
Fig. 17 takes fifteen output current values from -7 to +7 
(X Id) in increments of 1 with one overlap at Id = 0 that 
happens when all J1 through to J3 bits are "0", and so 
changes differently from the ejection-control circuit 50 
in Fig, 11. 

[0217] Thus, the number of settable output current 
values is odd, including zero (no deflection). 
[0218] Accordingly, in the second embodiment, by 55 
setting the analog input value of the deflection-ampli- 
tude control terminal B to zero, a state is created in 
which an Ink droplet is ejected without being deflected. 



In the third embodiment, an ink droplet is ejected without 
being deflected under control of the second control ter- 
minals D1, D2, and D3, and the polarity-conversion 
switch Dp, with the input value of the first control terminal 
Z maintained at some appropriate level. 
[0219] Also, in the ejection-control circuit 50A in the 
third embodiment, by always supplying the second con- 
trol tennlnal D1 (LSB) with the input "1" (the case of the 
second control temninal D1 being "0" is eliminated), the 
number of output current values can be set to an even 
number. 

[0220] The embodiments of the present invention 
have been described. However, the present invention 
can be variously modified as shown below without being 
limited to the embodiments described herein. 

(1) For example, in the first embodiment, by using 
a control signal represented by J bits, an ink droplet 
is deflected in an even number of 2^ different direc- 
tions, and the distance between the two farthest po- 
sitions to which the ink droplet is delivered is set to 
(2*^-1 ) times the interval between two adjacent noz- 
zles 18. 

However, the setting is not limited thereto, but 
by using a control signal represented by J+K (bits), 
the ink droplet can be deflected in an even number 
of 2(J+K) different directions, the distance between 
the two farthest positions to which the ink droplet is 
delivered can be set to (2^-1) times the Interval be- 
tween two adjacent nozzles 1 8, and the position to 
which the ink droplet is delivered can be changed 
at intervals of 1/2"^ of the interval between two ad- 
jacent nozzles 18. 

This can use K bits as a control signal for cor- 
rect on. In other words, when K is set to, for exam- 
ple, 2 for correcting a positional shift from the cor- 
rect position to which the ink droplet is delivered, 
the position to which the ink droplet is delivered can 
be changed at intervals of 1/2^ (= 1/4) of the interval 
between two adjacent nozzles 18. By supplying a 
K-bIt control signal to the internal memories of each 
ink ejecting portion when power is initially . sup- 
plied, for example, the ink ejecting portion can eject 
an ink droplet, based on the K-bit control signal 
which is set in the memories and not changed dur- 
ing printing, plus the J-bit control signals which are 
supplied in accordance with ink droplet ejection 
command. 

(2) In the first embodiment, an example of J = 2 case 
(in Fig. 6. J = 1 and 2) has been described so that 
the functions of J-bit control signal can be under- 
stood. In the second embodiment, an example of J 
= 3 has been described, where control signals of J 
= 3 or more may be used. This similarly applies to 
the case of the above K-bit control signal. 

(3) In the above embodiments, by changing the bal- 
ance of currents flowing in the bisected heating re- 
sistors 13. the times (bubble producing time) re- 
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quired for the ink droplets to boil have a difference. 
The present invention is not limited thereto, but tim- 
ings with which currents are supplied to bisected 
heating resistors 13 having equal resistances may 
be set to differ. For example, by providing the two 5 
heating resistors 13 with separate switches, and 
turning on each switch with a slight difference in 
time, the time required for ink of each heating resis- 
tor 13 to boil can differ. Moreover, changing the cur- 
rent flowing In each heating resistor 1 3, and the set- io 
ting of the durations of the flows of the currents to 
differ can be used in combination. 

(4) The above embodiments show a case in which 
two heating resistors 1 3 are arranged In a single ink 
cell 12. The reason of bisection is that the elements' 15 
durability has been sufficiently demonstrated and 
the circuit configuration can also be simplified. How- 
ever, the present invention Is not limited thereto. 
The arrangement in parallel of at least three heating 
resistors 13 (energy generating elements) In a sin- 20 
gle ink cell 12 can be used. 

(5) In the above embodiments, the heating resistors 
13 are shown as energy generating elements of a 
thermal type. However, heating resistors composed 

of a substance other than a resistor may be used. 25 
The energy generating elements are not limited to 
heating resistors, but other types of energy gener- 
ating elements may be used. For example, energy 
generating elements of an electrostatic ejection 
type and a piezoelectric type can be used. 30 

The energy generating element of the electro- 
static ejection type includes a vibrator, and two elec- 
trodes provided to the lower side of the vibrator, with 
an air layer provided therebetween. A voltage is ap- 
plied across both electrodes, thus causing the vi- 35 
bratorto warp downward, and after that, by chang- 
ing the voltage to zero volts, electrostatic force is 
released. Then, elastic power generated when the 
vibrator returns to the original state is used to eject 
an ink droplet. 40 

In this case, in order for the generation of en- 
ergy in each energy generating element to differ, for 
example, when the vibrator is returned to the origi- 
nal state (electrostatic power is released by chang- 
ing the voltage to zero volts), two energy generating 45 
elements may have a difference in time, or the ap- 
plied voltages may be set to differ between the en- 
ergy generating elements. 

The energy generating element of the piezoe- 
lectric type has a layered structure composed of a so 
piezoelectric element having electrodes on two sur- 
faces thereof and a vibrator. By applying a voltage 
to the electrodes on both surfaces of the piezoelec- 
tric element, a piezoelectric effect produces a bend- 
ing moment in the vibrator, so that the vibrator 55 
warps and is defomied. This defomnation is used to 
eject an ink droplet. 

Also, in this case, similarly to the above, in or- 



derfor the generation of energy in each energy gen- 
erating elementto differ, when the voltage is applied 
to the electrodes on both electrodes, two piezoelec- 
tric elements may be controlled to have a difference 
in time, or the applied voltages may be set to differ 
for the two piezoelectric elements. 

(6) In the above embodiments, the ink droplet can 
be deflected in a direction in which the nozzles 18 
are arranged. This is because the heating resistors 
13 divided in the direction in which the nozzles 18 
are arranged are arranged in parallel. However, the 
direction in which the nozzles 18 are arranged and 
the direction of deflecting the ink droplet do not al- 
ways coincide with each other. Even if both have 
some shift, an advantage can be expected which is 
substantially identbal to the case of complete coin- 
cidence between the nozzles 18 are arranged and 
the direction of deflecting the ink droplet. Accord- 
ingly, there is no problem if the shift occurs. 

(7) In the above embodiments, the head 11 for use 
in a printer are shown as examples, the head 11 of 
the present invention is not limited to the printer, but 
can be applied to various liquid ejecting devices. 
For example, the head 11 can also be applied to a 
device for ejecting a DNA-containing solution for 
detecting a biological sample. 

[0221] According to the present invention, by using a 
plurality of different liquid ejecting portions, a pixel or a 
pixel column can be fornied. Thus, differences in the 
quantities of ink droplets from the liquid ejecting portions 
can be minimized, thus preventing a decrease in printing 
quality. 

[0222] If there is a liquid ejecting portion from which 
an insufficient ink droplet is ejected oran ink droplet can- 
not be ejected due to dirt, dust, etc., the influence can 
be minimized. This can increase printing quality by a 
head that should normally be regarded as defective to 
a nonnal head level. 

[0223] In addition, instead of providing a backup 
head, even if there is a liquid ejecting portion that cannot 
eject a droplet, another adjacent liquid ejecting portion 
compensates for the defective liquid ejecting portion 
and can eject a droplet therefor. 

[0224] Moreover, in the case of forming a pixel by us- 
ing a plurality of droplets, the dropiets can be delivered 
so as to ovedap one another without moving a head a 
plural number of times (without performing scanning a 
plural number of times). This can increase the printing 
speed. 



Claims 

1. A liquid ejecting device having at least one head in- 
cluding a plurality of liquid ejecting portions each 
having a nozzle, said liquid ejecting device compris- 
ing: 
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ejection deflecting means for ejecting a droplet 
with deflection from the nozzle of each of said 
plurality of liquid ejecting portions in a plurality 
of directions; and 

ejection control means for controlling ejection 5 
so that, by ejecting droplets in different direc- 
tions from at least two different liquid ejecting 
portions in adjacent positions among said plu- 
rality of liquid ejecting portions while using said 
ejection deflecting means, the droplets are de- io 
livered in a single column to form a pixel col- 
umn, or the droplets are delivered in a single 
pixel region to fomn a pixel. 

2. A liquid ejecting device having at least one head in- *5 
eluding a plurality of liquid ejecting portions each 
having a nozzle, said liquid ejecting device compris- 
ing: 

ejection deflecting means for ejecting a droplet 20 
with deflection from the nozzle of each of said 
plurality of liquid ejecting portions so that the 
droplets are delivered to positions to which 
droplets ejected from the nozzle of either adja- 
cent liquid ejecting portion are delivered with- 25 
out being deflected, or the vicinity thereof; and 
ejection control means for controlling ejection 
so that, when a pixel column or a pixel is formed 
by delivering droplets so that at least two re- 
gions to which the droplets are delivered can 30 
overlap with each other, by using at least two 
different liquid ejecting portions In adjacent po- 
sitions among said plurality of liquid ejecting 
portions and by using said ejection deflecting 
means to eject droplets with deflection from at 35 
least one of said two different liquid ejecting 
portions, said pixel column or said pixel can be 
fomned. 

3. A liquid ejecting device according to claim 1 , where- 40 
in said ejection deflecting means ejects the droplets 
with deflection in the direction in which the nozzles 

of said plurality of liquid ejecting portions are ar- 
ranged. 

45 

4. A liquid ejecting device according to claim 1 , where- 
in: 

said ejection deflecting means is set so that the 
droplets ejected with deflection from the nozzle so 
of each of the liquid ejecting portions are deliv- 
ered in an even number of different directions, 
represented by 2^. based on a control signal 
represented by J bits, where J represents a 
positive integer, and the distance between the 55 
two farthest positions to which the droplets from 
the same nozzle are delivered, in the 2^ direc- 
tions, can be (2^ - 1) times the interval between 



two adjacent nozzles among the nozzles; and 
said ejection control means selects one of the 
2^ directions when the droplets are ejected from 
the nozzle of each of said plurality of liquid 
ejecting portions. 

5. A liquid ejecting device according to claim 1 , where- 
in: 

said ejection deflecting means is set so that the 
droplets ejected with deflection from the nozzle 
of each of said plurality of liquid ejecting por- 
tions are delivered in an odd number of different 
directions, represented by (2^ + 1 ), based on a 
control signal represented by (J + 1 ) bits, where 
J represents a positive integer, and the dis- 
tance between the two farthest positions to 
which the droplets are delivered from the same 
nozzle in the (2*^ + 1 ) directions, can be 2^ limes 
the interval between two adjacent nozzles 
among the nozzles; and 

said ejection control means selects one of the 
(2^ + 1 ) directions when the droplets are ejected 
from the nozzle of each of said plurality of liquid 
ejecting portions. 

6. A liquid ejecting device according to claim 1 . where- 
in: 

said ejection deflecting means is set so that the 
droplets ejected with deflection from the nozzle 
of each of said plurality of liquid ejecting por- 
tions are delivered in an even number of differ- 
ent directions, represented by 2(J+'^), based on 
a control signal given by (J -h K) bits, where both 
J and K represent positive integers, and so that 
the distance between the two farthest positions 
to which the droplets from the same nozzle are 
delivered, in the 2^ directions, can be (2^-1) 
times the pitch of the nozzles, and the position 
to which the ejected droplets are delivered can 
be chosen at 1 /2i< times the pitch of the adjacent 
nozzles; and 

said ejection control means selects one of the 
2(J+K) directions when the droplets are ejected 
from the nozzle of each of said plurality of liquid 
ejecting portions. 

7. A liquid ejecting device according to claim 1 , where- 
in: 

said ejection deflecting means is set so that the 
droplets ejected with deflection from the nozzle 
of each of said plurality of liquid ejecting por- 
tions are delivered in an odd number of different 
directions, represented by (2(*'+'^) +1), based 
on a control signal represented by (J + K + 1) 
bits, where both J and K represent positive in- 
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tegers, and so that the distance between the 
two farthest positions to which the droplets from 
the same nozzle are delivered, In the (2*^+1) 
directions, can be 2^ times the Interval between 
two adjacent nozzles among the nozzles, and 
the position to which the ejected droplets are 
delivered can be chosen at ^/2^ times the pitch 
of the nozzles; and 

said ejection control means selects one of the 
(2(J+K) + 1) directions when the droplets are 
ejected from the nozzle of each of said plurality 
of liquid ejecting portions. 

8. A liquid ejecting device according to claim 1 , where- 
in, when a pixel fomned by delivering at least one 
droplet in the M-th line of a single column in the di- 
rection of the arranged liquid ejecting portions, 
where M represents a positive integer, and a pixel 
formed by delivering at least one droplet in the (M 
+ 1 )-th line of said single pixel column are arranged, 
said ejection control means controls ejection so that 
a liqu id ejecti ng portion among said plurality of liquid 
ejecting portions which is used for the first ejection 
to form the pixel in the M-th line, and a liquid ejecting 
portion among said plurality of liquid ejecting por- 
tions which is used for the first ejection to form the 
pixel in the (M + 1)-th line shall be different. 

9. A liquid ejecting device according to claim 1 , where- 
in, when a pixel formed by delivering at least one 
droplet in the M-th line in a single pixel column in a 
direction of the arranged liquid ejecting portions, 
where M represents a positive integer, and a pixel 
fomied by delivering at least one droplet In the (M 
+ 1 )-th line in said single pixel column are arranged, 
said ejection control means controls ejection so that 
the same liquid ejecting portion among said plurality 
of liquid ejecting portions is not used for the first 
ejection tofomnthe pixel in the M-th line, and for the 
first ejection to fomi the pixel In the (M + 1)-th line. 

1 0. A liquid ejecting device according to claim 1 , where- 
in said ejection control means comprises: 

liquid-ejecting-portion selecting means for se- 
lecting, based on a preset format, at least one 
liquid ejecting portion for use in liquid ejection 
from among said plurality of liquid ejecting por- 
tions; and 

ejection-direction determining means for deter- 
mining, based on a format conforming to said 
preset format, the direction in which the select- 
ed liquid ejecting portion perfonns droplet ejec- 
tion. 

11. A liquid ejecting device according to claim 1 , where- 
in said ejection control means comprises deflection 
determining means for detemriining whether or not 
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said ejection deflecting means should deflect the 
droplets ejected from the nozzle of each of said plu- 
rality of liquid ejecting portions. 

5 1 2. A liquid ejecting device according to claim 1 . where- 
in: 

each of said plurality of liquid ejecting portions 

comprises: 

10 

a liquid cell for containing liquid; and 
a plurality of energy generating elements 
for generating energy for ejecting the liquid 
in said liquid cell from the nozzle, the ener- 
gy generating elements being disposed in 
said liquid cell; 

in said liquid cell, the energy generating ele- 
ments are arranged in the direction of the arranged 
2^ liquid ejecting portions; and 

first energy generating elements comprising 
at least one of said plurality of energy generating 
elements in said liquid cell and second energy gen- 
erating elements comprising at least another one of 
^5 the energy generating elements are controlled by 
said ejection deflecting means to have a difference 
in generated energy, so that the droplets can be 
ejected from the nozzle with deflection based on the 
energy difference. 

30 

13. A liquid ejecting device according to claim 1 , 
wherein: 

each of the liquid ejecting portions comprises: 

35 

a liquid ceil for containing liquid; and 
a plurality of heating elements for ejecting 
the liquid in said liquid cell from the nozzle 
by using bubbles produced in the liquid in 
said liquid cell by the heating elements in 
response to the supply of energy; 

In said liquid cell, the heating elements are ar- 
ranged In the direction of the arranged liquid eject- 
45 ing portions; and 

first heating elements comprising at least one 
of said plurality of heating elements in said liquid 
cell and a second heating elements comprising at 
least another one of the heating elements are con- 
so trolled by said ejection deflecting means to have a 
difference in supplied energy, so that the droplets 
can be ejected from the nozzle with deflection 
based on the energy difference. 

55 14. A liquid ejecting device according to claim 1 , where- 
in the heads are disposed in the direction of the ar- 
ranged liquid ejecting portions to fomn a line head. 
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15. A liquid ejecting method using at least one head in- 
cluding a plurality of liquid ejecting portions each 
having a nozzle, 

wherein: 

droplets are ejected from the nozzle of each of 
said plurality of liquid ejecting portions with de- 
flection In a plurality of directions; and 
by ejecting droplets in different directions from 
at least two different liquid ejecting portions in 
adjacent positions among said plurality of liquid 
ejecting portions, the droplets are delivered in 
a single column to fomn a pixel column, or the 
droplets are delivered in a single pixel region to 
form a pixel. 

16. A liquid ejecting method using at least one head in- 
cluding a plurality of liquid ejecting portions each 
having a nozzle, 

wherein: 

at least one droplet is ejected from the nozzle 
of each of said plurality of liquid ejecting por- 
tions with deflection so that the droplet is deliv- 
ered to a position to which a droplet ejected 
from the nozzle of another adjacent liquid eject- 
ing portion is delivered without being deflected, 
or the vicinity thereof; and 
when a pixel column or a pixel is formed by de- 
livering droplets so that at least two regions in 
which the droplets are delivered can overlap 
with each other, by using at least two different 
liquid ejecting portions in adjacent positions 
among said plurality of liquid ejecting portions, 
and by deflecting droplets ejected from at least 
one of said two different liquid ejecting portions, 
said pixel column or said pixel can be formed. 

17. A liquid ejecting method according to claim 15, 
wherein the droplets are deflected in the direction 
in which the nozzles of said plurality of liquid eject- 
ing portions are arranged. 

18. A liquid ejecting method according to claim 15, 
wherein: 

ejection is set so that the droplets ejected with 
deflection from the nozzle of each of the liquid 
ejecting portions in an even number of different 
directions, represented by 2^, based on a con- 
trol signal represented by J bits, where J rep- 
resents a positive Integer, and the distance be- 
tween the two farthest positions to which the 
droplets from the same nozzle are delivered, in 
the 2^ directions, can be (2^ - 1) times the inter- 
val between two adjacent nozzles among said 
nozzles; and 

one of the 2^ directions is selected when the 



droplets are ejected from the nozzle of each of 
said plurality of liquid ejecting portions. 

19. A liquid ejecting method according to claim 15, 
5 wherein: 

ejection is set so that the droplets ejected with 
deflection from the nozzle of each of said plu- 
rality of liquid ejecting portions in an odd 

10 number of different directions, represented by 

(2*J + 1), based on a control signal represented 
by (J + 1) bits, where J represents a positive 
integer, and the distance between the two far- 
thest positions to which the droplets from the 

15 same nozzle are delivered, in the (2^ + 1 ) direc- 

tions, can be 2^ times the interval between two 
adjacent nozzles among the nozzles; and 
one of the (2^+1) directions is selected when 
the droplets are ejected from the nozzle of each 

20 of said plurality of liquid ejecting portions. 

20. A liquid ejecting method according to claim 15, 
wherein: 

25 ejection is set so that the droplets ejected with 

deflection from the nozzle of each of said plu- 
rality of liquid ejecting portions in an even 
number of different directions, represented by 
2(J+K) based on a control signal represented by 

30 (J + K) bits, where both J and K represent pos- 

itive integers, and so that the distance between 
the two farthest positions to which the droplets 
from the same nozzle are delivered, in the 2^ 
directions, can be (2^ - 1 ) times the interval be- 

35 tween two adjacent nozzles among the noz- 

zles, and so that the position to which the eject- 
ed droplets are delivered can be chosen at 1/2^ 
times the pitch of the nozzles; and 
one of the 2(J+*^) directions is selected when the 

40 droplets are ejected from the nozzle of each of 

said plurality of liquid ejecting portions. 

21. A liquid ejecting method according to claim 15, 

wherein: 

45 ejection is set so that the droplets ejected with 

deflection from the nozzle of each of said plurality 
of liquid ejecting portions in an odd number of dif* 
ferent directions, represented by {2i*^-^^) + 1 ), based 
on a control signal represented by (J + K + 1) bits, 

so where both J and K represent positive integers, and 
so that the distance between the two farthest posi- 
tions to which the droplets from the same nozzle are 
delivered, in the (2^ + 1 ) directions, can be 2^ times 
the pitch of the nozzles, and so that the position to 

55 which the ejected droplets are delivered can be cho- 
sen at 1 times the pitch of the two adjacent noz- 
zles; and 

one of the (2(''+K) 4- 1) directions is selected 
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when the droplets are ejected from the nozzle of 
each of said plurality of liquid ejecting portions. 

22. A liquid ejecting method according to claim 15, 
wherein, when a pixel formed by delivering at leasr 
one droplet in the M-th line in a single pixel column 
in the direction of the arranged liquid ejecting por- 
tions, where M represents a positive integer, and a 
pixel formed by delivering at least one droplet in the 
(M + 1)-th line in said pixel column are arranged, 
control is perfonned so that a liquid ejecting portion 
among said plurality of liquid ejecting portions which 
is used for the first ejection to forni the pixel in the 
M-th line, and a liquid ejecting portion among said 
plurality of liquid ejecting portions which is used for 
the first ejection to fonn the pixel in the {M + 1)-th 
line shall be different. 

23. A liquid ejecting method according to claim 15, 
wherein, when a pixel formed by delivering at least 
one droplet in the M-th line of a single pixel column 
in a direction of the arranged liquid ejecting por- 
tions, where M represents a positive integer, and a 
pixel fomrjed by delivering at least one droplet in the 
(M + 1)-th line of said single column are arranged, 
a control is perfonned so that the same liquid eject- 
ing portion among said plurality of liquid ejecting 
portions is not used for the first ejection to form the 
pixel in the M-th line, and for the first ejection to forni 
the consecutive pixel in the (M + 1)-th line. 

24. A liquid ejecting method according to claim 15. 
wherein: 

based on a preset format, at least one liquid 
ejecting portion for use in liquid ejection is se- 
lected from among said plurality of liquid eject- 
ing portions; and 

based on a fomriat conforming to said preset 
f omnat, the direction in which the selected liquid 
ejecting portion performs droplet ejection is se- 
lected. 

25. A liquid ejecting method according to claim 15, 
wherein determination of whether or not the drop- 
lets ejected from the nozzle of each of said plurality 
of liquid ejecting portions should be deflected. 

26. A liquid ejecting method according to claim 15, 
wherein: 



gy generating elements being disposed in 
said liquid cell; 

in said liquid cell, the energy generating ele- 
5 ments are arranged in the direction of the arranged 
liquid ejecting portions; and 

first energy generating elements comprising 
at least one of said plurality of energy generating 
elements in said liquid cell and second energy gen- 
'fo erating elements comprising at least another one of 
the energy generating elements are controlled to 
have a difference in generated energy, and the 
droplets ejected from the nozzle are deflected 
based on the energy difference. 

15 

27. A liquid ejecting method according to claim 15, 
wherein: 

each of the liquid ejecting portions comprises: 

a liquid ceil for containing liquid; and 
a plurality of heating elements for ejecting 
the liquid in said liquid cell from the nozzle 
by using bubbles produced in the liquid in 
said liquid cell by the heating elements in 
response to the supply of energy; 

in said liquid cell, the heating elements are ar- 
ranged in the direction of the arranged liquid eject- 
ing portions; and 

first heating elements comprising at least one 
of said plurality of heating elements in said liquid 
cell and a second heating elements comprising at 
least another one of the heating elements are con- 
trolled to have a difference in supplied energy, and 
the droplets ejected with deflection from the nozzle 
based on the energy difference. 

28. A liquid ejecting method according to claim 15, 
wherein the heads are disposed in the direction of 
the arranged liquid ejecting portions to fomri a line 
head. 



a liquid cell for containing liquid; and 55 
a plurality of energy generating elements 
for generating energy for ejecting the liquid 
in said liquid cell from the nozzle, the ener- 



45 
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30 



each of said plurality of liquid ejecting portions 
comprises: 



3NSDOCID: <EP 13e9248Al _L> 



22 



EP 1 369 248 A1 



FIG. 1 




23 

WSOCXID: <EP 13e9248Al_L> 



EP 1 369 248 A1 




EP 1 369 248 A1 




[J Ae Noiioara do aiONV 




ij xG NOiioara dO aioNV 



WSOCXIO: <EP 13e9248A1J_> 



25 



EP1 369 248A1 



FIG. 3C 




DEFLECTION CURRENT ImA] 



3NSDOCID: <EP 13e9248A1J_> 



26 



EP 1 369 248 A1 



FIG. 4 




WSDOCID: <EP 13e924aA1_L> 



27 



EP 1 369 248 A1 




3NSDCX;iD: <EP 13e9248A1J_> 



EP 1 369 248 A1 




WSOOCID: <EP 13e9248A1J_> 



29 



EP 1 369 248 A1 



FIG. 7 




1369248A1_I > 



30 



EP 1 369 248 A1 




FIG. 8B 




N+2 



INK EJECTING 
PORTIONS 



PIXEL ^ N-2 ' N-1 ' N ' N+1 M+2 
POSITION 



FIG. 8C 



B1 


B2 


DEFLECTION 
POSITION 


SW 


1 


.1 


a 


a 


0 


1 


b 


b 


1 


0 


c 


c 


0 


0 


d 


d 



.1369248A1J_> 



31 



EP 1 369 248 A1 




3NStXXJID: <EP 13e9248Al_L> 



32 



EP 1 369 248 A1 




33 

WSOOCID: <EP 13e924aA1J_> 



EP 1 369 248 A1 




BNSDOCfD: <EP 13e9248A1J_> 



34 



EP 1 369 248 A1 



FIG. 12 




WSDOCID: <EP 1369248A1J_> 



35 



EP 1 369 248 A1 




3NSDOCID: <EP 13e9248A1_L> 



36 



EP 1 369 248 A1 



FIG. 15 



EJECTION EXECUTING SIGNALS 
> 



NUMBER OF NUMBER OF NUMBER OF 
GRADATIONS GRADATIONS GRADATIONS 
3 1 2 




a 


— ^ 


1 ^ 




1 ® iJ 


b 






1 © 


^ i 

1 


i / 

1 1 
1 1 
1 \ 



PIXEL 
POSITION 



N 



N+1 



N+2 



37 



EP 1 369 248 A1 



FIG. 16 



EJECTION EXECUTING SIGNALS 
^ A 

NUMBER OF NUMBER OF NUMBER OF ^ 
GRADATIONS GRADATIONS GRADATIONS 




PIXEL 
LINES 



a 




i 

! © 


1 0 1 @ i 1 I 


b 




! " 


0 1 1 1 


c 




) 1 © i 


• 1 t 1 

: : 1 
' 1 1 \ 1 



POSITION 



N-2 N-1 



N 



N+1 



N+2 



N+3 



1369248A1_ I > 



38 



EP 1 369 248 A1 



FIG. 17 



13—... 



50A 



<Vh> 
- ^--CM CIRCUIT 



GND 




M64 



FIRST 

CONTROL 

TERMINAL 



(X2) 
M63 



(X2)| I (X1) | 



M66 



(XI) 
M65 



02 



01 



SECOND CONTROL 
TERMINALS 



WSDOCID: <EP 136924aA1J_> 



39 



EP 1 369 248 A1 




3NSDOCID: -cEP 1369248A1J„> 



40 



EP 1 369 248 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appftealton Number 

EP 03 01 2555 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citafion of document with indication, where appropriate, 
of relevant passages 



EP 1 201 435 A (EASTMAN KODAK CO) 
2 May 2002 (2002-05-02) 

* paragraphs [0037] - [0040] ; figures 3,4 * 

PATENT ABSTRACTS OF JAPAN 
vol . 2000 » no. 10, 
17 November 2000 (2000-11-17) 
& JP 2000 185403 A (CANON INC). 
4 July 2000 (2000-07-04) 

* abstract * 

EP 0 895 864 A (CANON KK) 

10 February 1999 (1999-02-10) 

* paragraphs [0051] - [0056] ; figures 5,6 * 

US 5 172 139 A (SEKIYA TAKURO ET AL) 
15 December 1992 (1992-12-15) 

* column 8, line 9 - column 9, line 4; 
figures 6-8 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnl.Ct.7) 



1-28 



1-28 



B41J2/21 

B41J2/205 

B41J2/14 



1-28 



1-28 



TECHNICAL RELDS 
SEARCHED (InLCLT) 



B41J 



Place of search 

MUNICH 



Dale of completion of the seaich 

8 October 2003 



EjtanK r>er 

Kulhanek, P 



CATEOORY OF CriED DOCUMENTS 

X : partieu tarty retevant if taken alone 

Y ; particularly relevant if combined wilh another 

document of the same category 
A ; technologioaJ background 
O : non-written disdoeure 
P : tntemnadtate doeunnent 



T : theory or principle undertying the iii 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasorts 

& : member of the eame patent family, corresponding 
cioeument 



41 



.1369248A1_L> 



EP 1 369 248 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
QN EUROPEAN PATENT APPLICATION NO. 



EP 63 01 2555 



This annex lists the patent family members relating to the patent documents dted in the abovennentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Offioe is in no way fiatale for these paiticulais which are merely given for the purpose of information. 

08-1O-20G3 



Patent document 
dted in search report 



Publication 
date 



Patent family 
member(8} 



Publication 
date 



EP 1201435 


A 


02-05-2002 


US 


6561616 Bl 


13-05-2003 








EP 


1201435 A2 


02-05-2002 


JP 2000185403 


A 


04-07-2000 


NONE 






EP 0895864 


A 


10-02-1999 


JP 


11099651 A 


13-04-1999 








AU 


746793 B2 


02-05-2002 








AU 


7862298 A 


11-02-1999 








CN 


1207342 A ,B 


10-G2-1999 








EP 


0695864 A2 


10-02-1999 








US 


6164748 A 


26-12-2000 


US 5172139 


A 


15-12-1992 


JP 


2295752 A 


06-12-1990 








JP 


2836749 B2 


14-12-1998 



& For more details ak>out this annex : see Official Journal of the European Patent Office, No. 12/82 



1369248A1_I _> 



42 



